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COMPOUNDS, COMPOSraONS AND METHODS 
FOR TREATING OR PREVENTING PNEUMO VIRUS 
INFECTION AND ASSOCIATED DISEASES 



This application claims the benefit of and priority to U.S. Provisional Application Serial 
No. 60/402,402. filed August 9, 2002. 

FIELD OF THE INVENTION 

The present invention relates to compounds, compositions and methods for preventing 
and treating viral infections, and the diseases associated therewith, particularly those viral 
infections and associated diseases caused by pneumoviruses. 

BACKGROUND OF THE INVENTION 

The Pneumovirinae subfamily of the Paranxyxoviridae family consists of pneumoviruses 
that cause significant disease in humans and a number of animal species including catde, goats, 
sheep, mice and in avian species. 

Human respiratory syncytial viras (RS V), the prototypic member of the pneumovims group, 
is the major pediatric viral respiratory tract pathogen, causing pneumonia and bronchiolitis in infants 
and young children. RSV disease is seasonal, with outbreaks in tiie U.S. typically beginning in 
November and continuing through April. During these yearly epidemics, approximately 250,000 
infants contract RSV pneumonia, and up to 35% are hospitalized. Of those hospitalized, mortality 
rates of up to 5% have been reported. Children with underlying conditions such as prematurity, 
congenital heart disease, bronchopulmonary dysplasia and various congenital or acquired 
immunodeficiency syndromes are at greatest risk of serious RSV morbidity and mortality. In adults, 
RSV usually causes upper respiratory tract manifestations but can also cause lower respiratory tract 
disease, especially in the elderly and in immunocompromised persons. Infection in elderly and 
immunocompromised persons can be associated with high death rates. Natural infection with RSV 
fails to provide full protective inmiunity. Consequently, RSV causes repeated symptomatic 
infections throughout life. 



wo 2004/014317 



PCT/US2003/025166 



The pneumoviruses of animals and avian species aie similar to the hmnan virus 
antigenically. in polypeptide composition and in disease causation. 

Attempts to develop vaccines for RS V are ongoing, but none have yet been demonstrated 
to be safe and efficacious. Vaccine development has been overshadowed by adverse reactions 
exhibited by the initial formalin-inactivated RSV vaccine introduced in the late 1960s. 
Immunized children showed an incieased incidence of RSV lower respiratory tract disease and 
developed abnormally sev«e illnesses, including death. 

Chemotherapy with ribavirin [l-beta-D-ribofuranosyMH-l,2.4-tria2ole-3-carboxamide]. 
an antiviral nucleoside which is the only pharmaceutical approved by the U.S. Food and Drug 
Administration (FDA) for treatment of RSV disease, is considered only for certain RSV patients 
(for example, those at hi^ risk for severe compUcations or who are seriously iU with this 
infection). However, its efficacy and value are controversial. Recent studies have reported a 
failure to demonstrate ather cUnical or economic benefit to patients of ribavirin treatment 
Moreover, ribavirin has certain toxic side-effects and, in order to minimize these, must be 
administered by inhalation as an aerosol in an enclosed enviromnent. However, drug deUvery as 
an aerosol in general can be hampered by low solubiUty of the dmg in the carrier solvent. 

A human intravenous immune globuUn (IVIG) preparation is Ucensed for prophylactic 
use in certain patients at high-risk for RSV disease. Administration of this drug requires 
intravenous infusion of a large volume over a 2 to 4 hour period in children who have limited 
venous access due to prior intensive therapy, as well as compromised cardiopuhnonary function. 
Moreover, intravenous infusion necessitates monthly hospital visits during the RSV season, 
which in turn places children at risk of nosocomial infections. 

Thus, a need exists for new anti-viral agents and treatments for RSV infection tiiat 
overcome tiie shortcomings of existing pharmaceutical preparations. 

Intemational Patent AppUcation No. PCT/US99/01985 (filed on January 29. 1999, now 
pubUshed as WO 99/38508) discloses compounds, compositions, and mefliods for treating or 
preventing pneumovirus infections and associated diseases, and is hereby expressly 
incorporated-by-reference in its entirety. Intemational Patent AppUcation No. PCT/US02/02338 
(filed on January 28, 2002. now pubUshed as WO 02/059132) discloses intermediate compounds 
useful for making antiviral con^)Ounds. 



wo 2004/014317 PCT/US2003/025166 

It has been surprisingly discovered that the conqwunds of the instant invention have 
improved solubiUty characteristics which are useful for treating and preventing RS V disease. 



SUMMARY OF THE INVENTION 



The invention provides a compound of the formula: 




Ri represents a radical selected ficom the group consisting of alkoxy, alkoxyallqrl, 
halogen, nitro, carboxy, carboxyalkyl, carbalkoxy, carbalkoxyalkyl, carboxamide, 
carboxamidoalkyl, alkyl. cycloalkyl, alkylthio, alkylsulfinyl, alkylsulfonyl, sulfonamide, 
amidino, cyano, amino, amido, alkylamino, dialkylamino, alkylaminoalkyl, and alkoxy 
monosubstituted with a substituent selected from the group consisting of carboxy, amino, 
alkylamino and dialkylamino; and pharmaceuticaUy acceptable salts of said compound. 

The invention also relates to pharmaceutical compositions containing the antiviral 
compounds of Formula I and the corresponding methods of use for treating and preventing 
infections caused by viruses from tfie Pneumovirinae family, as well as the intermediate 
compounds and related methods of preparing the antiviral compounds described herein. 
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nTCTAn.TCD DESCMPTTON OF T¥fR TNVRNTTQN 

In one aspect, the instant invention provides compounds of Fonnula I: 




I 

wherein Ri is as defined above. 

A preferred aspect of the invention includes the compound of Formula I selected from the 
group consisting of: 

2^'-[(3-Propylphenyl)methylene]bis[4-[[(5-methyHH-tetra2ol-l- 
yl)imino]methyl]]phenol, 

2,2'-[[(3-Dimethylaniino)phenyl]methylene]bis[4-[[(5-methyl-lH-tetrazo 

yl)imino]methyl]]phenol, 

2;2'-[[3-(Methylethyl)phenyl]methylene]bis[4-[[(5-methyl-lH-tetraz 

yl)iinino]methyl]]phenol, 

2,2'-[[(3-Methoxyethyl)phenyl]methylene]bis[4-t[(5-methyl-lH-tetrazol-^ 

yl)imino]methyl]]phenol, 

2,2'-[[[3-Ethyl(methylethyl)aImno]phenyl]methylene]bis[4-[[(5-methy^ 

yl)imino]methyl]]phenol, and 

2,2'-[[(3-Diethylaraino)phenyl]methylene]bis[4-[[(5-methyl-lH-tetrazo^^ 

yl)iniino]methyl]]phenoL 

The compound of Fbrmula I is useful for treating and preventing RSV disease and has 
improved solubility in pharmaceutical formulations. In particular, the compounds of Formula I 
have improved solubility in ethanolic solvents (see Table 2). The indicated improved solubility 
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Characteristics faciUtate the preparation of phannaceutical formulations and the deUvery of the 
pharmaceutical formulations to a patient's pulmonary system using electrohydrodynamic (EHD) 
technology. Electrohydrodynamic spraying is a known process whereby solutions are 
aerosolized using electrical forces. In an EHD spray nozzle, the fluid to be aerosolized flows 
over a region of high electric field strengtii and receives a net electrical charge tiiat remains on 
the surface of the fluid. As die solution exits die nozzle, die repeUing force of die surface charge 
generates a tiiin jet of fluid. The jet breaks up into droplets of uniform size diat collectively form 
a cloud. The result is an aerosoUzed solution having a monodispersed particle size distribution 
and near zero velocity. The improved solubility of die compound of 
Formula I in die formulations used in an EHD device faciUtates die deUvery of higher 
concentrations of die desired compound to die patient puhnonary tissue witii fewer numbers of 
actoations of die EHD device. One of ordinary skill in die art may practice die instant invention 
widi EHD devises diat are commercially available or odierwise widi known EHD technology. 

In accordance witii anodier aspect, die present invention provides a class of novel 
intermediates tiiat are useful in preparing die anti-viral agents described herein. These 
intramediates have die general formula: 




wherein: 

Rz represents a radical selected from die group consisting of alkoxy. alkoxyalkyl. 
halogen, nitro, carboxy, carboxyalkyl, carbalkoxy, caibalkoxyalkyl, carijoxamide, 
carboxamidoalkyl. alkyl, cycloalkyl. alkyldiio, alkylsulfinyl, alkylsulfonyl, sulfonamide, 
amidino. cyano. amino, amido. alkylamino. dialkylamino. alkylaminoalkyl, and alkoxy 
monosubstituted witii a substituent selected from die group consisting of carboxy. amino, 
alkylamino and dialkylamino; and pharmaceutically atxeptable salts of said compound. 
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In accordance with another aspect, the present invention provides a class of novel 
intermediates that are useful in preparing the anti-viral agents described herein. These 
intermediates have the general formula: 

p 




m 



wherein Rb is selected from the group consisting of -CH2OCH3, -CH2OCH2CH3, - 

CH(CH3)OCH2CH3.-CH2-OCH2CH2-OCH3. . -CH2-OCH2CH2-Si(CH3)3. -CH3, - 

CH2C6H5. -(CH2)2Si(CH3)3, -CON(RcRd)2, -CSN(RcRd)2, and -PO(NRcRd)2; 
Rc and Rd are independenfly selected from an alkyl group; 
R3 represents a radical selected from the group consisting of alkoxy, alkoxyalkyl, 
halogen, caiboxyalkyl, carbalkoxy, caibalkoxyalkyl. carboxamide, carboxamidoalkyl. alkyl. 
cycloalkyl, alkylthio. alkylsulfinyl, alkylsulfonyl, sulfonamide, amidino. cyano. amino, amido, 
alkylamino. dialkylamino, alkylaminoalkyl, and alkoxy monosubstitoted with a substituent 

^Mkyl 
— <^ 

selected from the group consisting of carboxy, dialkylamino and Benryi. 
and P is a protected formaldehyde group such as: 



0^0 0^0 

or 



wherein R4, Rs, Re and R7 are independently selected from the group consisting of 
hydrogen and alkyl; and pharmaceuticaUy acceptable salts of said compound. 

The present invention also provides new synthetic methods useful for preparation of the 
compounds described herein. 



-6- 



wo 2004/014317 



PCTAJS2003/02S166 



One method comprises making the antiviral compounds of Fonnula I, from the 
compounds of Fonnula 0, by reacting the aldehyde moieties in Fonnula H with l-amino-5- 
methyltetrazole to produce the desired product as shown below: 




A method useful in the ultimate preparation of antiviral compounds involves deprotection 
and reduction of the Rs-substituted triphenylcarbinol derivative of Formula m with hydriodic 
acid and acetic acid, preferably at room temperature, to generate the aldehyde of Formula H as 
shown below: 




in n 



Another method useful in the ultimate preparation of antiviral compounds involves the 
preparation of the compound of the Formula HI via the reaction shown below: 




wherein Y is hydrogen, bromo or iodo and Rb and P are as described above, and Ra is a 
lower alkyl group 

According to still another aspect, the present invention provides pharmaceutical 
compositions comprising one or more of the above^cribed compounds in combination witii a 
pharmaceutically acceptable carrier medium. 

In accordance witii a further aspect, the present invention provides a method for 
preventing and treating pneumovirus infection and for preventing and ti»ating diseases 
associated witii pneumovirus infection in Uving hosts, by administering to a Uving host 
susceptible to pnemnovims infection a tiierapeutically effective amount of a compound of ti»e 
above structures and/or the isomers and pharmaceutically acceptable salts of said compounds, or 
pharmaceutical compositions containing same. 

The starting materials for preparing die compounds of tiie invention are eitiier 
commercially available or can be convenientiy prepared according to one of die syntiietic 
schemes and/or examples set forth below or otherwise using known chemistry procedures. 

1) p».p...tinn nf the b e»^^^^^- ^-<^f-r intermediate : The ester intermediates of Formula IV may be 
purchased ftom commercial sources or alternatively can be readUy syntiiesized by standard 
procedures which are well known to tiiose of ordinary skill in fho art, or otiierwise by foUowing 
one of die ^neral synthetic schranes shown below: 

a) The compound of Formula IV(a). can be prepared via die reaction show below, 
wherein X is a bK)mo or iodo. R. is a lower alkyl group, and R3 is alkyl or cycloalkyl. The 
reaction is conducted in die presence of a catalyst, such as 1,1'- 

bis(diphenylphosphino)ferrocene3dichloropalladium(ID. complex widi dichloromediane (1:1); in 
an inert solvent, such as tetrahydrofuran: 
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IV(a) 



As an alternative, the compound of Formula IV(a) can be prepared by reacting the 
appropriate 3-bromobenzene wherein R3 is alkoxy, alkoxyalkyl, carboxyalkyl, carbalkoxy, 
carbalkoxyalkyl, carboxamidoalkyl, alkyl, cycloalkyl, alkylthio, alkylsulfinyl, alkylsulfonyl, 
dialkylamino, alkylaminoalkyl, or alkoxy monosubstituted with a substituent selected from the 
group consisting of alkylamino or dialkylamino; with magnesium, isopropylmagnesium bromide, 
or isopropylmagnesium chloride; in an inert solvent, such as tetrahydrofiiran; followed by the 
addition of the appropriate dialkyl carbonate (see below): 




IV (a) 



b) Hie compound of Formula IV(b) can be pr^ared according to the reaction shown 
below, wherem Rz is the desired alkyl substituent, R, is as defined above, and X' is a bromo or 
iodo group. Hie reaction is conducted in an inert solvent, such as acetonitrile, toluene, or 1- 
methyl-3-pyrrolidinone; m the presaice of a base, such as N,N-diisopropylethylamine; 




IV(b) 



c) The compound of Formula IV(c) can be prepared according to the reaction shown 
below wherein Ra is as defined above, and Ry is an alkyl group or hydrogen and Rz is an alkyl 
group. The reaction is conducted in the presence of sodium borohydride or sodium 
cyanoborohydride in an inert solvent, such as tetrahydrofiiran (THF). A preferred method 
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involves the addition of a small amount of water to solubiUze the sodium borohydride and 
initiate the reaction: 

pOOR, 

NaBH4orNaBH3CN 




^ ^ THF/water IL ^JL 



■ a 



(HO salt) IV(C) 

d) The compound of Formula IV(d) can be prepared according to the reaction shown 
below, wherein Ra is as defined above and Alk is an allcyl group. The reaction is conducted with 
an alcohol (Alk-OH), such as ethanol or propanol; in the presence of Raney Nickel, and at 
elevated temperatures: 

300R. 

Alk-OH 





e 



Raney Ni. A 

IV(d) 

The compound of Formula IV(e) can be prepared according to the reaction shown 



below wherein Rais as defined above. Alk is an alkyl group, Rz is the desired alkyl substituent. 
and X* is a bromo, iodo or sulfonate group; in an inert polar solvent, such as acetonitrile or 1- 
methyl-3-pyrroKdinone; in the presence of a base, such as N J<J-diisopropylethylamine: 




300R, 



Base 

+ FLX' 

^11^ ^ Polar, Inert solvent 




f) The compound of Formula IV(f) can be prepared according to the reaction shown 
below wherem Rais as defined above. BnCl is benzyl chloride (also benzyl bromide may be 
used). The reaction is conducted in the presence of a base, such as potassium carbonate (or 
sodimn carbonate may be used), and in a polar solvent, such as ethanol; foUowed by a reaction 
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With an alkylhalide, RzX\ wherein is the desired alkyl substituent, and X' is a bromo or iodo 
group, in a polar inert solvent, such as ethanol: 




Bna 



K2CO3 ^^^^ Base 




Solvent Polar, Inert solvent 



COORa 

a 



IV(f) ^ 



g) The compound of Formula IV(g) can be prepared according to the hydrogenation 
(deprotection) reaction shown below, where in R« is as defined above, and is the desired alkyl 
substituent. The reaction is conducted with 10% palladium on carbon in an alcohoUc solv«it. 
such as methanol or ethanol. 



pooR, 

10% Pd/Cart)on 




Polar, inert solvent 




IV(g) 

The hydrogenation (deprotection) reaction can be performed after the compound of Formula 
IV(f) is used to prepare a tri-aryl methanol intermediate of Formula m. 

h) The compound of Formula IV(h) can be prepared according to the reaction shown 
below, by adding 3-chlorosulfonyl benzoic acid to a mixture of the indicated amine and an amine 
base, such as ttiethylamine; and in an inert solvent, for example, tetrahydrofiiran; followed by 
dissolving the resulting sulfonamide benzoic acid in alcohol of the formula RaOH. wherein Ra is 
as defined above, and Ry and Rz independentiy represent hydrogen or alkyl; preferably in the 
presence of a catalytic amount of thionyl chloride: 

COOH POOH POOR, 

rj'^ H-NR/I, fj'^ CatSOCIg ij"^ 

IV(h) 
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2) PreDaration of di-nrotected compou nd of Fonnula V: 

The compounds of Fonnula V can be prepared according to reaction schemes (a), (b) 
and (c) shown below. The order of the protection conditions for tiie preparation of the di- 
piotected compound of Fonnula V may be reversed as shown in the reactions in (a) and (b) 
below, and the single-protected intermediates of Formula vn(a-d) prepared therein may be 
isolated and/or purified if desired prior to preparation of the compound of Formula V. The 3- 
substituted 4-hydroxybenzaldehyde of Fonnula Vm may be purchased from commercial sources 
or alternatively is readily synthesized by standard procedures which are well known to those of 
ordinary skill in the art. 

(a) The compounds of Formula V can be prepared according to the reactions shown 

below. 




Vn(b) 



The intermediate compound of Formula Vn(a), wherein Y is hydrogen, bromo or iodo, 
is -CH2OCH3, -CH2OCH2CH3. -CH2-OCH2CH2-OCH3, -CH2-OCH2CH2-Si(CH3)3, -CH3, - 
CH2C6H5. -(CH2)2Si(CH3)3. -CON(RcR<i)2, -CSN(RcRd)2. and -PO(NRcRd)2, wherein lU and R<, 
are independently selected from an alkyl group, X" is a halogen such as chloro, bromo, or iodo, 
may be prepared according to the reaction shown above. The reaction is conducted in the 
presence of a base such as diisopiopylethylamine, triethylamine, potassium carbonate, sodium 
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hydride, or pyridine; in an inert solvent; and preferably at temperatures ranging fipom -20°C to 
lOO'C. Depending on the base, a preferable inert solvent may be one or more of the following: 
dichloromethane. tetrahydrofuran. l-methyl-2-pyrroUdinone, dimethyl sulfoxide, acetone, or 
NJ^-dimethylfonnamide. 

The intermediate of Formula vn(a) may be used to prepare the compound of Formula V 
according the reaction shown above, wherein P is a protected formaldehyde group such as: 

o^o o^o 

or 

wherein R4, R5, Re and R7 are independently selected from the group consisting of hydrogen or 

alkyl. The reaction is conducted by refluxing Vn(a) with ho oh, where M is (C«2- CR4R5 - 
CH2) or (CR4R5 - CReR?) and R4, Rs, Re and R7 are independently selected from the group 
consisting of hydrogen or alkyl; in the presence of an acid, such as, pyridinium para- 
toluenesulfonate, pyridinium hydrochloride, p-toluenesulfonic acid monohydrate, 2,4,6- 
trimethylpyridinium p-toluenesulfonate, camphorsulfonic acid, or Amberiyst®-15; and in an inert 
solvent, such as benzene, toluene, cyclohexane or tetrahydrofuran, preferably with the azeotropic 
removal of water. The acid is preferably a mild acid and/or preferably used in a catalytic 
amount. 

Alternatively, the intermediate compound of Formula Vn(b), wherein Y, M and P are as 
previously defined may be prepared according to the reaction shown above. The intermediate of 
Formula Vn(b) then may be used to prepare the compound of Formula V, wherein Rb is defined 
above. The reaction conditions of the protection steps are analogous to those used for preparing 
compound Vn(a) and preparing compoimd V therefiwm. 

(b) The compounds of Formula V also may be conveniently prepared according to the 
reactions below. 
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1) Q or ^O^cH, 





Acid, Solvent, Heat 




Acid, Solvent 
JHO ^ 



Y 




P 



vn(c) 




Y 



OR, 
V 



1) 



Acid. Solvent, Heat 



vn(d) 



The intennediate compound of Foimula Vn(c), wherein Rb is o or 
-CH(CH3)OCH2CH3, Y is hydrogen, biomo or iodo. and M and P are as defined above may be 
prepared according to the reaction shown above. The reaction is conducted in the presence of an 
add catalyst, such as pyridinium para-toluenesulfonate, dry hydrochloric acid, pyridmium 
hydrochloride, camphorsulfonic acid, 2,4,6-trimethylpyridiniump-toluenesulfonate, Amberlyst®- 
15^ or p-toluenesulfonic acid monohydrate; and in a non-polar inert solvent, such as 
dichloromethane, ethyl acetate, dimethoxyethane, p-dioxane, chloroform, dichloroethane, or 
tetrahydrofuran; at temperatures between -IffQ and XAKTQ, or otherwise above the freezing point 
and up to the reflux temperature of the solvent The compound of Formula V then may be 
prepared by protecting the aldehyde group of Fbrmula Vn(c) as analogously described above in 
paragraph 2(a). Similarly the protection steps may be conducted in reverse order so as to make 
the compound of Formula V via the intermediate of Formula Vn(d). 

(c) The compound of Formula V, wherein Rb is -CH2OCH3, also may be prepared 
according to the reaction shown below, by reacting the 3-substituted 4-hydroxybenzaldehyde of 
Formula Vm. wherein Y is hydrogen, bromide, or iodide; with dimethoxymethane and P2O5, in 
an inert solvent such as dichloromethane, chloroform, toluene, and cyclohexane; preferably at 
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room temperature, and preferably in the presence of diatomaceous earth (or Celite*^. The 
aldehyde group of Formula vn(e) is protected as described in paragraph 2(a) above. 



3) Preparation of the tri-arvl methanol compounds of Fonnula III: 
(a) Direct Metalation: 

The tri-aryl methanol of Fonnula m can be prepared by direct metalation of two 
equivalents of a di-protected benzaldehyde of Formula V(a) according to the reaction shown 
below: 



wherein Rb is -CH2OCH3, -CH2OCH2CH2, -CH2-OCH2CH2-OCH3, CH2-OCH2CH2- SiijCHshr 



CH3, -(CH2)2Si(CH3)3, -CON(RcRd)2, -CSN(RcRd)2, -PO(NRcR<i)2, ° , and 
-CH(CH3)OCH2CH3, and P, Rc and Rd are as defined above. The compound of formula V(a) is 
treated first with an alkyl metal base, for example n-butyllithium, sec-butyllithium, t- 
butyllithium, or a metal amide base, for example, lithium diisopropylamide; and preferably in the 
presence of a chelating agent, such as, tetramethylethylenediamine (TMEDA) or 
hexamethylenephosphoramide (HMPA); then the appropriate benzoate ester of formula IV, 




vm 



vn(e) 
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wheie Ra is an alkyl group and R3 is selected as appropriate to obtain fhe desiied product; is 
added to the reaction mixture to yield the tri-aryl methanol of Formula m. The reaction may be 
conducted preferably in the presence of an aprotic organic solvent, for example tetrahydrofiiran, 
2-methyltetrahydrofuran, diethylether, or r-butyl methyl ether; and preferably at reduced 
temperatures, for example between -78**C and room temperature. It is also preferable to conduct 
the reaction under anhydrous or substantially anhydrous conditions. 

(b) Metal exchange (with a halogen) : 

The tri-arvl methanol intermediate of Formula IP can be prepared by halogen-metal exchange 
according to the reaction shown below: 



IV 

where Rb is .CH2OCH3, -CH2OCH2CH3, -CH(CH3)OCH2CH3, -CH2-OCH2CH2-OCH3, -CH2- 
OCH2CH2-Si(CH3)3. -CH3, -CH2C6H5, -(CH2)2Si(CH3)3, -CONOMWz, ^N(RcRd)2, or- 



PO(NRcRd)2» ^ ,Y is bromo or iodo, and Pis as defined above. Two equivalents of the 
compound of Formula V, wherein Y is as defined above, is treated with an alkyl metal base, for 
example n-butyllithium; followed by the reaction with approximately one equivalent of the 
desired compound of Formula IV, wherein Ra is as defined above; to provide the corresponding 
tri-aryl methanol compound of Formula m. The reaction may be conducted preferably in the 
presence of an aprotic organic solvent, for example tetrahydrofiiran, 2-methyltetrahydrofuran, 
diethylether, or /-butyl methyl ether; and preferably at reduced temperatures, for example 
between -78°C and room temperature. It is also preferable to conduct the reaction under 
anhydrous or substantially anhydrous conditions. 

(c) Reaction with di-arvl ketone : 



p 
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The tri-aryl methanol intennediate of Fonnula HI, wherdn Rb is -CH2OCH3, 
-CH2OCH2CH3, -CH(CH3)OCH2CH3. -CH2-OCH2CH2-OCH3. -CH2-OCH2CH2-Si(CH3)3, -CH3, 

-CH2C6H5,-(CH2)2Si(CH3)3,or and R3 is alkoxy, alkoxyalkyl, alkyl. cycloalkyl, 
dialkylamino, alkylthio, or aikoxy monosubstituted with dialkylamino, and P is as defined above; 
can also be prepared accoiding to the reaction shown below by reacting a di-aryl ketone of 
Formula VI. First, the bromobenzene is treated with an alkyl metal base, for example n- 
butyllithium, in an inert organic solvent under anhydrous conditions; followed by reaction with 
the compound of Formula VI : 



shown 




where P and Rb are as defined above. First, the di-protected compound of Formula V, where Y 
is bromo or iodo, is treated with alkyl Uthium base, for example n-butyllithium; in an inert 
organic solvent under anhydrous conditions, followed by reaction with N-methoxy-NJ^' JST'- 
trimethylurea so as to yield the compound of Fonnula VI. 

Tlie compounds of Formula m can be used as intermediates in accordance with the 
examples below, to form compounds of Formula n. 
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4) Preparation of compounds of Formula I : 

The compound of Formula I wherein Ri is defined above, may be readily obtained by 
condensation of the aldehyde of Formula n, wherein R2 is as defined above, with two 
equivalents of I-amino-5-methyltetrazole. in the presence of an acid, such as /7-toluenesulfonic 
acid monohydrate, methanesulfonic acid, benzenesulfonic acid, 2,4,6-trimethyIpyridiniump- 
toluenesulfonate or pyridinium para-toluenesulfonate, at elevated temperatures, such as from 
room temperature to 90°C; in a solvent such as an alcoholic solvent like ethanol, or in 1-methyl- 
2-pyrrolidinone, dimethyl sulfoxide, orNJ<J-dimethylformamide: 




n I 



In the reaction shown above, the compound of Formula I where Ri is a di-substituted 
amino may be isolated as a salt, for example, a tosic acid salt. The free-base conq)ound is 
obtained under basic conditions, such as in the presence of sodium bicarbonate, by the reaction 
shown below: 




I I 
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The tenn "alkyl." as used herein, refers to aUphatic hydrocatbon radicals of one to six 
carbon atoms in length, and may be straight or branched Similarly, the term "alkyl," or any 
variation thereof, used in combination form to name substituents, such as alkoxy (-O-alkyl), 
alkylthio (-S-alkyl). alkylamino (-NH-alkyl). alkylsulfonyl (.S(0)2-alkyl). carboxyalkyl (-alkyl- 
COOH), or the like, also refers to aliphatic hydrocarbon radicals of one to six carbon atoms in 
length, and preferably of one to four carbon atoms in length. Also "alk" in structural formula 
denotes an alkyl group, unless divalency is indicated in which case the "alk" denotes the 
corresponding alkylene group(s). 

The term "lower alkyl" denotes a C1-C4 alkyl group. 

The term "amido," as used herein, refers to a radical or substituent of the formula 
-NR"C(=0)R"', wherein R" and R"* represent hydrogen or alkyl. 

The term "carboxamide." as used herem, refers to aradical or substituent of the formula 
-C(=0)-NR"R"', wherein R" and R'" are as previously defined. 

The term "sulfonamide," as used herein, refers to a radical or substituent of the formula 
-S02NR"R"' or -NR"S02R"', wherein R" and R"* are as previously defined. 

The term "carbalkoxy," as used herein, refers to a radical or substituent 
-C(=0)-OR", wherein R" is a previously defined. 

The term *TBDMS" as used herein refers to a t-butyldimethylsilyl group. 

The symbol " ^ " as used herein the schemes denotes heating to an elevated 
temperature. 

The term "hexanes" as used herein refers to a solvent mixture of straight and branched 
chain hexane hydrocarbons, wherein the solvent mixture contains mosfly n-hexane and some 
minor amounts of branched hexanes. 

The abbreviation 'W when used herein the schemes and examples denotes a phenyl 

group. 

The term "chloroform" as used herein denotes trichloromethane. 
Percentage (%) of a solvent shovm in the examples is by volume. 

Preparation of specific embodiments of anti-pneumovirus compounds within the scope of 
the invention are exemplified below. 
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In vitro studies have been performed demonstrating the usefiUness of compounds 
described herein as antiviral agents against pneumoviruses. Antiviral activity was measured on 
the basis of activity against RSV in a cell culture assay. 

All possible isomers of the compounds described herein are within the scope of the 
present invention. Representative examples of such isomers include, without limitation, cis and 
trans isomois. 

The conqwunds described herein, their isomers and pharmaceutically acceptable salts 
exhibit antiviral activity against pneumoviruses and are within the scope of the present invention. 

The compounds of the invention can form useful salts with inorganic and organic acids, 
including, for example, hydrochloric acid, hydrobromic acid, metiianesulfonic add salts, or the 
like, as well as with inorganic bases, such as sodium or potassium salts. 

The pharmaceutically acceptable salts of the compounds of the invention are prepared 
following procedures which are familiar to tiiose skilled in the art 

The antiviral pharmaceutical compositions of the present invention comprise one or more 
of the above-described compounds or precursors thereof, as the primary active ingredient in 
combination with a pharmaceutically acceptable carrier medium and, optionally one or more 
supplemental active agents. 

The compodtion may be prepared in various forms for administration, including tablets, 
caplets, pills or dragees, or can be filled in suitable containers, such as capsules, or, in the case of 
suspensions, filled into botdes. As used herein, "pharmaceutically acceptable carrier medium" 
includes any and all solvents, diluents, or other Hquid vehicle, dispersion or suspeaision aids, 
surface active agents, isotonic agents, thickemng or emulsifying agents, preservatives, solid 
binders, lubricants and the like, as suited to the particular dosage form desired. Remington's 
Pharmaceutical Sdoices. Twentietii Edition, A. R. Gennaro (William and Wilkins, Baltimore, 
MD, 2000) discloses various carriers used in formulating pharmaceutical compositions and 
known techniques for the preparation thereof. Except insofar as any conventional carrier 
medium is incon^jatible witii die antiviral compounds of die invention, such as by producing any 
undesirable biological effect or otherwise interacting in a deleterious manner widi any other 
component(s) of the pharmaceutical composition, its use is contemplated to be within tiie scope 
of this invention. 
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The compounds of the invention, any precursors thereof and their isomers and 
pharaiaceutically acceptable salts are also useful in treating and preventing pneumovirus 
infections and diseases when used in combination with supplemental active agents, which may 
be optionally incorporated into the pharmaceutical composition of the invention, or otherwise 
administeied during a course of therapy. These include, without limitation, interferons, ribavirin, 
andimmunomodulators, inmiunoglobulins, anti-flanunatory agents, antibiotics, anti-virals, anti- 
infecti ves, and the like, the combination of which with one or more compounds of the invention 
ofifers additive or synergistic therapeutic benefit. 

In the phamiaceutical compositions of tiie invention, the active agent may be present in 
any therapeutically effective amount, which is typically at least 0.1% and ^nerally not more 
than 90% by weight, based on the total wei^t of the composition, including carrier medium 
and/or supplemental active agent(s), if any. Preferably, the proportion of active agent varies 
between 1-50% by weight of the composition. 

Pharmaceutical organic or inorganic solid or liquid carrier media suitable for enteral or 
parenteral administration can be used to make up the composition. Gelatine, lactose, starch, 
magnesium, stearate, talc, vegetable and animal fats and oils, gum, polyalkylene glycol, or other 
known carriers or excipients for medicaments may all be suitable as carrier media. 

Compounds of die invention aie useful in treating and preventing pneumovirus infections 
(and diseases) m humans, as well as in livestock, and may be used to treat catfle, swine and 
sheep, or to treat avian species such as turkeys, or for other animals susceptible to pneumovirus 
infection. Thus, the term '*patient" as used herein includes, without limitation, all of the 
foregoing. 

Compounds described herein are also useful in preventing or resolving pneumoviral 
infections in cell cultures, tissue cultures and organ cultures, as well as other in vitro 
applications. Fbr example, inclusion of compounds of the invention as a supplement in cell or 
tissue culture growth media and cell or tissue culture components will prevent pneumoviral 
infections of cultures not previously infected with pneumovirases. Compounds described above 
may also be used to eliminate pneumoviruses from cultures or other materials infected or 
contaminated with pneumoviruses, after a suitable treatment period, under any number of 
treatment conditions as determined by the skilled artisan. 
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The compounds of the invention may be administered using any amount and any route of 
administration effective for attenuating infectivity of the pneumovirus. Thus, the expression 
"amount effective to attenuate infectivity of pneumovirus." as used her«n, refers to a nontoxic 
but sufficient amount of the antiviral agent to provide the desired treatment of viral infection. 
The exact amount required will vary from subject to subject, depending on the species, age. and 
general condition of the subject, the severity of the infection, the particular antiviral agent and its 
mode of administration, and the like. 

The compounds of ttie invention may be administered as an inhaled aerosol. The aerosol 
may be prepared and administered using an electrohydrodynamic device (EHD). Preferred 
pharmaceutical formulations of flie compound of Formula I for use in an EHD device are ethanol 
solutions. A preferred feature of the invention is a pharmaceutical composition that contains at 
least 50% ethanol (by volume). Other preferred features of die invention include pharmaceutical 
compositions containing at least 60% ethanol. at least 70% ethanol. at least 80% ethanol or at 
least 90% etiianol (by volume). Other features of tiie invention include a pharmaceutical 
formulation comprising water and etiianol and a pharmaceutical formulation comprising 
propylene glycol and water. A preferred feature of tiie invention is a pharmaceutical 
composition comprising etiianol, propylene glycol, and water. Anotiier preferred feature of tiie 
invention is a pharmaceutical formulation comprising at least 90 % etiianol and less tiian 5% 
water (by volume). An ultimately preferred feattire of tiie invention is tiie pharmaceutical 
composition comprising about 85% etiianol, about 10% propylene glycol, and about 5% water 
(by volume). NaQ (in tiie form of a standard saUne solution) may be used to adjust tiie solution 
resistivity in an EHD device. Otiier acceptable excipients tiiat may be used in pharaiaceutical 
formulations of Formula I for use in an EHD device are glycerol, dextixjse. and lecitiiin. 

An example for preparing a pharmaceutical composition for use in an EHD device is as 
follows: 

1. DispensetiiequantitiesofEtiiyl Alcohol. USE andPropyleneGlycoLUSPintoaclean 1 

L glass bottie. 

2. Stir solution from Step 1 for 5 minutes. 

3. Add quantity of compound of Formula I to solution from Step 2. 
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4. Stir solution from Step 3 for a minimum of 2 hours at a temperature ranging from room 
temperature to 60«C, preferably from 50-60»C, until complete dissolution of the 
compound. 

5. Adjust resistivity of solution with 0.9% Sodium Chloride for Injection, USP. 

6. Filter bulk solution using a 0.2 filter. 

7. FiU and seal the cartridges for use in the BHD device (target fiU volume 3 mL ± 0. 1 mL) 

8. Visually inspect each cartridge. 

9. Label each cartridge. 

The anti-pneumovirus compounds are preferably fomiulated in dosage unit form for ease 
of administration and uniformity of dosage. Dosage unit form as used herein refers to a 
physicaUy discrete unit of antiviral agent appropriate for the patient to be treated. Each dosage 
should contain the quantity of active material calculated to produce tiie desired therapeutic effect 
either as such, or in association witii tiie selected pharmaceutical carrier medium. Typically, the 
antiviral compounds of tiie invention will be administered in dosage units contauung from about 
0.1 fig to about 50 mg of the antiviral agent, witii a range of about 0.001 mg to about 25 mg 
being preferred. 

The compounds of the invention, including their isomers and pharmaceutically 
acceptable salts, may be administered as such, or in the form of a precursor from which tiie 
active agent can be derived, such as a prodrug. A prodrug is a derivative of a compound 
described herein, tiie pharmacologic action of which results from tiie conversion by chemical or 
metaboUc processes in vivo. Prodrugs of tiie compounds of tiie invention may include, but are 
not limited to mono-, di- or tri-esters of simple or frmctionalized aUphatic carboxyUc acids; 
esters of carbamic adds (Re-(0-CX)-NR^lg)o); esters of amino adds (Re-(0-C0-CH(NH2)Rf)a); 
esters of unsubstituted or substituted aromatic adds (Re-(0-CO-arylU wherein tiie aryl ring 
may be substituted witii hydroxy, carboxy. alkyl, alkyltiuo. alkylsulphinyl, alkylsulphonyl. 
phosphoric add. amino, alkylamido and halogen groups; esters of derivatized phosphoric adds; 
(acyloxy)metiiyl or acyloxy(etiiyl)etiiers (R,-(0-CH2-0-C0-Rf)„ or Re-(0-CH(CH3)-0-CX)-Rdn); 
(alkoxycarbonyloxy)metiiyl or (alkoxycarbonyloxy)etiiyl etiiers (Re-(0-CH2-0-CO-0-Rf)o); and 
O-glycosides, wherein Re is a residue of a compound of tiie invention, Rf and Rg are aUphatic 
radicals (Ci-C,o) and n is an integer from 1 to 3. Such prodrugs may be prepared according to 
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procedures weU known in the field of medicinal chemistry and pharmaceutical formulation 
science and are within the scope of the present invention. 

The compounds of the invention may be administered orally, parenterally, such as by 
intramuscular injection, intraperitoneal injection, intravenous infusion or the like, or by 
inhalation, such as by aerosol, in the form of a solution or a dry powder, or tiie like, or by 
intubation, depending on die nature and severity of the infection being treated. The compounds 
of the invention may be administered orally, parenterally, or by inhalation or inmbation at dosage 
levels of about 10"* mg to about 1000 mg^g, one or more times a day, to obtain tiie desired 
therapeutic effect. 

The compounds of the invention will typically be administered from 1 to 4 times a day so 
as to deliver the above-mentioned daily dosage. However, the exact regfanen for administration 
of the compounds and compositions described herein will necessarily be dependent on the needs 
of die individual host bemg treated, the type of tisatinent administered and die judgment of the 
attending physician, veterinarian or medical specialist 

In view of die inhibitory effect on pneumovirus repUcation in cell cultiire produced by die 
compounds used in die mediod of die invention, it is anticipated diat diese compounds will be 
useful not only for dierapeutic treatinent of pneumovirus infection, but for pneumovirus 
prophylaxis, as well. The dosages will be essentially die same, whedier for ti»atinent or 
prophylaxis of pneumovirus infection. 

The following exanq)le8 are provided to describe die invention in further detail. These 
examples, which set fordi die preferred mode presendy contemplated for carrying out die 
invention, are intended to illustrate and not to limit die invention. 

Examples 1-30 illustrate die chemical syndiesis of representative compounds of die 
invention. 

RXAMPLE 1 

Preparatton of 2;i'.[(3-Propylphenyl)methyleiie]bis[4.[[(5-methyl-lH-tetraw>l-l- 

yl)iiiuno]methyI]]phenol 

a. 4-Metiioxvmed>nicvbenzaldehvde . A solution of 4-hydroxybenzaldehyde (118.20 g, 
0.968 mol) in dichloromediane (1.1 L) was stirred mechanically and cooled to 0"C. under argon. 
N J4-diisopropylediylamine (337.2 ml) was added to die reaction, and die mixture was stirred 
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until homogenous. Chloromethyl methyl ether (101.30 g, 1.94 mol) was added dropwise. 
maintaining reaction temperature below 10 "C. After the addition, the solution was warmed to 
room temperature, then stirred for 1 hour. The reaction was quenched with water (500ml), and 
the aqueous phase was separated from the organic phase. The organic layer was washed with 
water, 5% glacial acetic acid, and saturated aqueous NaCl. The solution was dried with sodium 
sulfate, filtered, and rotary evaporated, yielding 170 g of the pure product. 

b, 2-f4-Methoxvmethoxvphe nYlV'^,5-Hiniethvl-1.3-dioxane. A solution of 4- 
methoxymethoxybenzaldehyde, neopentyl glycol (10.3 g, 98.9 nunol), pyridinium para- 
toluenesulfonate (1.0 g, 3.98 mmol), and benzene (500 ml) was refluxed with azeotropic removal 
of water for several hours, und» ar^n. The cooled reaction mixture was quenched wifli 2 ml of 
triethylamine, and concentrated on rotary evaporator. The product was chromatographed (silica 
gel, 5% ethyl acetate in hexanes), yielding about 14.83 g of the product 

c. Preparation of : 

COjCHa 

1(o) 

Pd catalyst ([l,l'-Bis(diphenylphosphino)ferroc«je]dichloropalladium(II), conq)lex with 
dichloromethane (1:1), 14.75 g, 58 mmol) and propyl zinc bromide (345 ml of 0.5M, 174 mmol) 
were added to a mixture of methyl 3-bromobenzoate (25.00 g, 1 16 mmol) in tetrahydrofuran 
(500 ml). The reaction was stirred at room temperature for 3 hours, and then quenched with a 
20% aqueous NH4CI solution. The organic solvents were removed in vacuo, and the remaining 
aqueous mixture was extracted with f-butyl methyl ether. The organic layer was washed with 
saturated aqueous NaCl, dried with magnesium sulfate, filtered through CeUte, and concentrated 
on a rotary evaporator. The residue was chromatographed (silica gel, 2-5 % ethyl acetate m 
hexanes), yielding 17.53 g of the desired product. 
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d. Preparation of : 




1(d) 



2-(4-Methoxymethoxyphenyl)-5,5-dimethyl-l,3-<iioxane(46.6g, ISSmmol), prepared 
accoiding to step b, above, was mixed with dry tetrahydrofuran (600 ml) in a 3-neck flask, under 
argon. NJNr,N* JsT- Tetramethylethylenediamine (27.9 ml, 185 mmol) was added to the solution, 
and the resulting mixture was cooled to around -5°C in an ice/NaCl batii. Sec-butyUithium (156 
ml, 1.3M in cyclohexane) was added via a syringe pump, maintaining the temperature of Ihe 
reaction around 0°C. The reaction was stirred for 15 minutes, then a solution of compound 1(c) 
(10.97 g, 62 mmol) in diy tetrahydrofuran (250 ml) was added dropwise to the reaction. After 
this addition, the solution was stirred for 2 hours at 0 *C. The reaction was then quenched with 
20% aqueous NH4CI (200 ml), and the organic solvents were removed in vacuo. An additional 
amount of 20% NH4CI solution (200 ml) was added to the aqueous mixture, and then the mixture 
was extracted two times with ethyl acetate (400 ml). The organic layers were combined, washed 
with saturated aqueous NaCl, dried with magnesium sulfate, filt^sd, and concentrated on rotary 
evaporator. The crude product was chromatographed (silica gel, 15-20 % ethyl acetate in 
hexanes), yielding 13.12 g of the desired product 

e. Preparation of : 
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Hydriodic acid (18 ml, 58 wt % in water) was added to a solution of conq>ound 1(d) 
(1 1.90 g, 18 mmol) in glacial acetic acid (180 ml). The reaction was stirred at room temperature 
for 2 hours. The reaction mixture was poured over ice and water, dian extracted with ethyl 
acetate. The organic layer was washed with 10% aqueous NaHSOs (1 L) and saturated aqueous 
NaCl solution. The organics were dried over magnesium sulfate, filtered, and rotary evaporated. 
The resulting solid was purified with charcoal and recrystallized in ethyl acetate/hexanes, 
yielding 3.7 1 g of the desired product. 

f . 2.2'-rf3-ProPvlDhenvnmethvlene1bisr4-rr(S-met hvl-lH-tetra2ol-l- 
vniminolmethvmphenol . Compound 1(e) (2.80 g, 7.5 mmol) was dissolved in 75 ml absolute 
cthanol, and added dropwise to a refluxing solution of l-amino-5-methyltetrazole (2.22 g, 22 
mmol) and pyridinium para-toluenesulfonate (0.18 g, 0.94 mmol) in 75 ml ethanol, under argon. 
The reaction was heated to reflux for 2 hours, and then cooled to room tempoiature. A solid was 
collected by filtration and dried under vacuum; yielding about 4 g of crude product. The soUd 
was recrystallized in hot ethanol and water. A precipitate was isolated by filtration and dried 
under vacuum to give 2.04 g of the title compound. 

EXAMPLE2 

Preparation of 2,2»-[[(3-Dimethylaniino)phenyl]methylene]bis[4-|I(5-methyI-lH-tetrazol-l- 

yi)imiiio]methyl]]phenol 

The title compound was prepared essentially according to the basic procedure described 
in steps d-f Example 1, above; however, methyl 3-dimethylaminobenzoate was used in st^ d 
instead of compound 1(c). 

EXAMPLES 

Preparation of 2^'-[[3-(Metliylethyl)phenyI]methylene]bis[4-[[(S-methyl-lH-tetrazoH- 

yl)imino]methyl]]phenol 
a. Ethvl 3-isop rn pvlbenzoate . Bromoisopropylbenzene (19.91 g, 0.1 mol) was slowly 
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added to a suspension of magnesium (7.3 g, 0.3 mol) in diy tetrahydrofuran (150 ml), 
maintaining a mild reflux to form a Grignaid reagent The Grignatd reagent was transferred to 
an addition funnel with a syringe, then added to a cooled solution (around OX: in a dry ice bath) 
of diethylcarbonate (36.35 ml, 0.3 mol) dissolved in tetrahydrofuran. The reaction was warmed 
to room temperature and stirred for 3 hours. The solution was then diluted with hexanes, and IN 
hydrochloric acid was added. The organic layer was separated, washed with water (3 x), brine, 
dried (MgS04), and concentrated on rotary evaporator. The product was purified via distiUation. 

b. ^^-Bromo^-hvdroxvbezaldehvde . Bromine (319.64 g, 2.0 mol), diluted in 
dichloromethane, was added to a suspension of 4-hydroxybenzaldehyde in dichloromethane 
(1800 ml), over a period of 24 hours. The soUds were filtered, washed with hexanes, and dried 
under vacuum. Tlie isolated soUd was suspended in hot water and filtered. This crude product 
was treated with charcoal in hot 3:1 waterimethanol (-1500 ml), and a soUd crystallized upon 
cooling providing 233.5 g of the desired product 

c. Pre paration of : 




3(c) 

A suspension of 3-bromo^hydroxybenzaldehyde (95.5 g, 0.475 mol, which can be 
prepared according to step 3(b)) and miUed potassium carbonate (138.2 g, 1 mol) in dimethyl 
sulfoxide was heated to 150°C for 1 hour. The heat source was removed, and benzyl bromide 
(59.5 g, 0.5 mol) was added. The reaction mixture was stirred for an additional hour, than passed 
through a pad of siUca gel. The solution was diluted with water and filtered. The solids were 
rinsed with water and air-dried. The crude product was recrystalUzed in ethanol, providing 120 g 
of the desired product 
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d. Preparation of : 




3(d) 

A solution of compound 3(c) (60.06 g. 0.206 mol), neopentyl glycol (23.64 g, 0.227 
mol). and pyridinium p-toluenesulfonate (catalytic) in benzene (350 ml) was tefluxed with 
azeotiopic removal of water for 15.5 hours. The mixture was cooled and partitioned between 
toluene and water. The organic layer was washed with water, dried (MgS04). and concentrated 
in vacuo. The crude product was recrystallized in methanol, providing 58.18 g of the desired 
product. 



e. preparation of : 



H3C CH3 H3C CH, 




Nasrj^',N'- Tetirametiiylethylenediamine (30.18 ml, 0.2 mol) was added to a solution of 
compound 3(d) (75.45 g. 0.2 mol) in dry tetrahydrofuran (500 ml), under argon. The solution 
was cooled to -70''C, and n-butyUithium (88 ml. 2.5 M in cyclohexane) was added over 30 
minutes. The reaction mixture was stirred at -70'>C for 1.5 hours. Ethyl 3-isopropylbenzoate 
(17.3 g. 0.09 mol) was added to tiie solution, and tiie mixture was stirred at -70°C for 1 hour, and 
then slowly warmed to room temperature. The reaction was concentrated on rotary evaporator. 
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and the erode product was dissolved in ethyl acetate, rinsed with water, dried with magnesium 
sulfate, and concentrated on rotary evaporator. The product was purified via Hash 
chromatography (siUca gel, hexanes/ethyl acetate gradient) producing 53.4 g of the desired 
product. 



f . Preparation of : 




Compound 3(e) (22.0 g. 30 mmol) was dissolved in formic add (500 ml) and heated to 
reflux for about 6 hours. The reaction was cooled to room temperature, and the soUds were 
filtered, washed with water, and air-dried. Water was added to the mother liquor to produce 
more precipitate, which was fUtered. washed wifli water, and air-dried. The soUds were 
combined and purified by recrystallization (ethyl acetate/dichloromethane), to give 7.97 g of the 
desired product 

g. 2.2'-rr3-(Mcthvlethvnphenvl1methvlene1b isr4-rr5-methv1-1H-tetrazol-l- 
y i >;n,mnlmethvmphenol . Compound 3(f) (7.49 g, 20 mmol) was dissolved in absolute ethanol 
(200 ml) and added dropwise to a refluxing solution of l-amino-5-methyltetrazole (5.95 g, 60 
mmol). p-toluenesulfonic acid monohydrate (0.3 g, 1 .6 mmol) and ethanol (300 ml), under 
argon. An additional amount of ethanol (200 ml) was added after a solid began to form in the 
reaction vessel. The reaction was heated to reflux for 6 hours, and then cooled to room 
temperature. A soUd was collected by filtration, rinsed with ethanol, and air-dried. Thesolid 
was recrystallized in hot ethanol, providing 7.4 g of the desired product . 
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EXAMPLE 4 

Preparatioii of 2^»-[(3-Methyiphenyl)methyleiie]bls[4-[[(5-methyI-lH-tetraw>l-l- 

yl)imino]methyl]]phenol 

a. 2-n-Bromo-4-methoxvDhenvlV5.5-dimethy l-1.3-dioxane. A solution of 3-bromo-4- 
methoxybenzaldehyde (74.65 g, 0.347 mol), neopentyl glycol (43.35 g, 0.416 mol). pyridinium 
p-toluenesulfonate (0.87 g, 0.035 mol), and benzene (1.8 L) was lefluxed with azeotiopic 
removal of water for 6 hours. The reaction mixture was cooled to room temperature and diluted 
with water. The aqueous phase was extracted with ethyl acetate. The combined organic phases 
were washed with brine, dried (NaaSO*), charcoaled, filtered through a short column of 
HorisilTM, and concentrated in vacuo. There was obtained 102.8 g (98%) of total as a peach 
colored solid. 

b. Preparation of : 



HaC CH, 


H,C CH, 




FV 




ll ^' 




^'^CH, 



4(b) 

N,N,N',N'- Tetramethylethylenediamine (9.05 ml, 60 mmol) was added to a solution of 
2-(3-bromo-4-methoxyphenyl)-5,5-dimethyl-l,3-dioxane (15.06 g, 50 mmol) in anhydrous 
tetrahydrofuran (150 ml) that was cooled to -70»C, followed by the slow addition of n- 
butyUithium (24 ml, 60 mmol). After 15 minutes, a solution of methyl m-toluate (3.00 g, 20 
mmol) was added dropwise over a period of 5 minutes. The mixture was stirred at room 
temperature for 3 hours, and quenched with 10% NH4CI (20 ml). f-Butyl methyl ether was 
added and the layers separated. The organic phase was washed with water (3 x 150 ml), dried 
(MgS04). filtered and concentrated in vacuo. The yellow oU was purified via flash 
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chromatography (siUca gel, hexanes/ethyl acetate gradient), followed by a recrystallization 
methanol to provide 2.53 g of the desired product 

c. Preparation of : 




4(c) 



Hydriodic acid (5 ml, 58 wt % in water) was added to a solution of compound 4(b) (1.70 
g, 30 nunol) dissolved in glacial acetic acid (20 ml). The reaction mixture was stirred at room 
temperature for 30 minutes, and then concentrated in vacuo, dissolved in ethyl acetate, and 
washed with water (2 x 100 ml), NazSOa solution (2 x 100 ml), NaHCOa solution (2 x 100 ml), 
and saturated aqueous NaCl solution. The organics were dried over magnesium sulfate, filtered, 
and rotary evaporated. The resulting soUd was crystallized in ethyl acetate/hexanes, to provide 
0.68 g (60 %) of the desired product. 

d. Preparation of ; 




4(d) 



A mixture of compound 4(c) (1.40 g, 3.7 mmol) and pyridine hydrochloride (8.67 g, 75 
mmol) was heated to 200"C for 6 hours. The mixture was diluted with water, and a soUd was 
obtained by filtration. The soUd was purified via flash chromatography (silica gel, 
hexanes/acetone gradient) providing the desired product 
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e. 2.2*>r(3>MetfavlphenvnmethvIene1bisr4-rrf5>methvl-lH>tetim 
vnimmolmethvmphenoL l-Amino-S-methyltetrazole (0.16 g, 1.6 mmol) and p-toluenesulfonic 
acid monohydrate (IS mg, 0.08 mmol) were dissolved in ethanol and brought to reflux 
temperature. Compound 4(d) (0.15 g, 0.40 mmol) was dissolved in ethanol (10 ml) and added to 
the lefluxing solution. The reaction was heated to reflux for 3 hours, and cooled to room 
temperature. A solid was collected by filtration and dried under vacuum to provide the desired 
product. 

EXAMPLES 

Preparatioii of 2^'-[(3-MethoxyphenyI)methyIene]bis[4-[[(5-meaiyI-lH-tetrazol-l^ 

yl)iniino]methyl]]pheiiol 

a. Preparation of : 




5(a) 

NJ^ J^' JM'-Tetramethylethylenediamine (2.10 ml, 14 mmol) was added to a solution of 
compound 3(d) (5.28 g, 14 mmol, which can be prepared according to example 3, steps b-d, 
above) in anhydrous tetrahydrofiiran (100 ml). The mixture was cooled to -70°C, and n- 
butyllithium (5.6 ml, 14 mmol) was added slowly. After 1 hour, a solution of methyl 3- 
methoxybenzoate (1.08 g, 6.5 mmol) in tetrahydrofiiran (20 ml) was added dropwise over 10 
minutes. The mixture was stirred at room temperature for 2 hours, and quenched with 10% 
NH4CI (20 ml). r-Butyl methyl ether was added, and the layers were separated. The organic 
phase was washed with water (3 x 150 ml), dried (MgS04), filtered, and concentrated in vacuo. 
The crude product was purified via flash chromatography (silica gel, hexanes/ethyl acetate 
gradient), to provide 3.28 g of the desired product 
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A solution of compound 5(a) (1.0 g, 1.4 mmol) in fonnic acid (20 ml) was heated to 
reflux for 7 hours. After cooling, the mixture was poured over ice water, and a soUd was isolated 
via filtration. The blue/green soUd was purified via flash chromatography (siHca gel. 
hexanes/ethyl acetate gradient), followed by a recrystallization in acetic acid to provide 0.79 g of 
the desired product. 

. o 0',rn-Methoxvph *>n yl^methvlene ^ ^ 4^-rrf '^-methvl-IH-tetrazol-1- 
yi>i ^^.nim.tbvmnhenol . The title compound was obtained essentially according to step e in 
Example 4. above, however compound 5(b) was used instead of compound 4(d). 

EXAMPLE 6 

Preparation of 2^'.[(3.EthoxyphenyI)methylene]bis[4.[[(5.methyl-m-tetrazo^^ 

yl)iiiimo]methyl]]phenol 

The title compound was prepared essentially accordmg to the basic procedure described 
in Example 5, above; however, methyl 3-ethoxybenzoate was used in step a instead of methyl 3- 
methoxybenzoate. 

my AMPLE 7 

Preparation of 2^'-[(3.Cmorophenyl)methylene]bis[4.[[(5.methyl-lH-tetrazol.l- 

yl)imino]mefliyl]lphenoI 
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a. Preparation of: 




HJftrjr- TetramethylethyleiiodiMdme (8.95 ml, 0.1 md) was added to » solutloii of 2- 
(3-bK.mo^m«hoxyphenyl>5,5.dime*yl-13HaoMne (24.09 g. 0.08 mol). prepared «xorting 
to step a. Example 4 above, to «Aydn,»a tetrdiydnrforan (150 ml), and the aoMon was cooled 
,0 -78»C in a dry ice/isopropanol bafl.. n-Bntyffithium (36 ml. 0.09 md, 2.5M) was «lded ov« 
20 minutes. After stirring for 15 minutes, a sototion of methyl S^hlorobenzoale (5.97 g, 
0035mol) in telrahydrofuran was added to the reaction. The mixture was warmed to room 
anmeranrre, quenched with water (5 ml), and concentrated in vacuo. The cnrie product was 
dUuted with eftyl «>eta.e, rinsed with water, and dried (MgSO,). Ihe solvent was temoved by 
„«.ry evaporation, and the product was purified via recrystallization torn methanol to p«mde 
7.4 g of the desired product. 
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Hydriodic acid (10 ml, 57 wt % in water) was added to a solution of compound 7(a) (5.83 
g, 10 mmol) dissolved in glacial acetic acid (50 ml). The reaction was stirred at room 
temperature for 1 hour. The acetic acid was removed in vacuo. The crude product was dissolved 
in ethyl acetate and rinsed with water, saturated Na2S03 (2 x), and brine. The solution was dried 
(MgS04) and concentrated The desired product (3.6 g) was isolated via recrystallization in 
ethyl acetate/hexanes. 

c. Preparation of : 



CHO 


CHO 


Cu: 






r 

OH 


"6 








7(c) 





A mixture of compound 7(b) (1.97 g, 5 mmol) and pyridine hydrochloride (1 1.26 g, 100 
mmol) was heated to 190-210'*C for 2 hours. The mixture was cooled to room temperature and 
diluted with water. A solid was obtained by filtration. Since the reaction was incomplete, the 
solid was resubjected to reaction conditions, and then cooled to room temperature, diluted with 
water, and filtered. The isolated solid was purified via recrystallization in acetic acid/ethanol, 
providing the desired product. 

d. 2,2'-rf3-Chlorophenvnmethvlene1bisr4-rr(S>metfavl->lH-tetra2ol-l> 
y1)imino]me thvmphenoL A solution of compound 7(c) (0.15 g, 0.4 mmol), dry NJSf- 
dimethylformamide, and l-amino-5-methyltetrazole (0.24 g, 2.4 mmol) was heated to reflux for 
12 hours. The reaction mixture was cooled to room temperature, diluted with water, and filtered. 
The isolated solid was recrystallized in tetrahydrofiiran/ethanol to provide the titled compound. 

EXAMPLES 

Preparation of 2,2'-[(3-BromophenyI)methylene]bis[4-[[(5-methyHH-tetrazoH- 

yl)imino]methyI]]phenoI 
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a. Pre paration of : 



HaC^CHg H3C CH3 




NJ^ J^* J^'- Tetramethylethylenediamine (45.28 ml. 0.3 mol) was added to a solution of 
2-(3-biomo-4-inethoxyphenyl)-5.5-dimethyl-l,3.dioxane (90.35 g, 0.3 mol). prepared according 
to step a. Example 4 above, in anhydrous tetrahydrofuran. The solution was cooled to -78«C in a 
dry icc/isopropanol bath and n-butyUithium (120 ml. 0.3 mol. 2.5M) was added. After stirring 
for 15 minutes, a solution of methyl 3-bromobenzoale (32.07 g, 0.14 mol) in tetrahydrofuran was 
added to the reaction. The mixture was warmed to room temperature, quenched with water, and 
concentrated in vacuo. The crude product was diluted with ethyl acetate, and a soUd precipitated 
after rinsing with water. The soUd was isolated via filtration, and recrystallized in chloroform 
and ethyl acetate to provide the desired product (64.4 g). 



b. preparation of : 



HsC 




Br 



8(b) 

Hydriodic acid (88 ml, 57 wt % in water) was added to a solution of compound 8(a) (55.1 
g. 88 mmol) dissolved in glacial acetic acid (200 ml). The reaction was stirred at room 
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temperatuie for 1 hour. The acetic acid was removed in vacuo. The crude product was dissolved 
in ethyl acetate and rinsed with water, saturated NazSOa (2 x). and brine. The solution was dried 
with MgS04, but began to crystalUze. The solids were dissolved in chloroform, filtered, and 
concentrated, providing the desired product (22.2 g). 



c. Preparation of : 




OH 



Jl 
8(c) 

A mixture of compound 8(b) (7.0 g, 0.016 mol) and pyridine hydrochloride (18.5 g, 0.16 
mol) was heated to 200-220"C for 2 hours, under argon. The mixture was cooled to room 
temperature and diluted with water. A soUd was obtained by filtration. The soUd was purified 
via flash chromatography (siUca gel. acetoneAiexanes gradient), followed by recrystallization in 
elhyl acetate and methanol, providing 1.75 g of the desired product. 

<L 2.2'-rf3-Bromophenvnmeth v1ene1bisr4-rrrS-methvl-lH-tetrazol-l- 
yniminolmethvmohenol . Compound 8(c) (0.3 g, 0.73 mmol), l.ammo-5-me&yltetra2ole (0.398 
g, 4.0 mmol), and catalytic p-toluenesulfonic acid monohydrate were mixed with dry N.N- 
dimethylformamide. under argon. The reaction was heated to reflux until completion, diluted 
with water, and filtMed to provide the desired product. 



TCXAMPLEP 

Preparation oif 2^'-[[3-(2-EttiyIbulyl)phenyl]methylene]bis[4-[[(5-methyl-m-t«ti^l^ 

yI)imino]methyl]]plienol 
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a. Preparation of: 




9(a) 



Palladium catalyst ([ 1 , r-bis(diphenylphosphino)fen:ocene]dichloropalladium(II), 
complex with dichloromethane (1:1), 0.69 g, 0.85 mmol) was added to a solution of methyl-3- 
bcomobenzoate (3.66 g, 17 mmol) in distilled tetrahydrofuran (80 ml). Next, 2-ethylbutyl zinc 
bromide (5.76 g, 25 mmol) was added, and the reaction mixture was stirred at room temperature 
ovonight. The reaction was quenched with NH4CI and extracted with ethyl acetate (3 x). The 
organic layers were combined, washed with biine, dried ^gS04), filtered, and concmtrated. 
The product was purified via HPLC (silica gel, ethyl acetateAiexanes gradient), providing 2.04 g 
(54.4 %) of the desired prodiict. 

b. Preparation of : 



was cooled to -eS^C. n-Butylllthium (8.2 ml of 2.5M in hexanes) was added via syringe pump. 
After 15 minutes, a solution of compound 9(a) (1.8 g, 8.17 mmol) in tetrahydrofuran (10 ml) was 
added dropwise. The mixture was stirred at -65°C for 1 hour and then at room temperature 
overnight. The reaction mixture was quenched with saturated NH4CI, and the layers were 




H3C CH, H3C CH, 



9(b) 

A solution of 2-(3-bromo-4-meflioxyphenyl)-5,5-dimethyl-l,3-dioxane (5.41 g, 18 
mmol), prepared according to step a. Example 4 above, in anhydrous tetrahydrofuran (60 ml) 
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separated. The aqueous phase was extracted with ethyl acetate (2 x). The combined organic 
phases were washed with brine, dried CMgS04), filtered, and concentrated in vacuo. The oil 
obtained was dissolved in hot hexanes, and cooled to room temperature. The resulting white 
solid was isolated and dried in vacuo to provide 2.29 g (44.3%) of the desired product 

c. Preparation of : 




Hydriodic acid (2.5 ml, 57 wt % in water) was added dropwise to a solution of compound 
9(b) (1.6 g, 2.53 mmol) in glacial acetic acid (38 ml). The reaction was stirred at room 
temperature for 4 hours, under argon. The acetic acid was removed by rotary evaporation, and 
the remaining oil was dissolved in ethyl acetate. The solution was washed with saturated 
aqueous NaHSOa, dried over magnesium sulfate, and rotary evaporated. The resulting solid was 
puiified via flash chromatography (silica gel, ethyl acetate/hexanes), then recrystallized in 
hexanes to provide 408 mg (36.4 %) of the desired product as a white solid. 

d. Preparation of : 
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Boron tribromide solution (5.3 ml of IM in dichloromethane) was added dropwise to a 
solution of compound 9(c) (0.395 g. 0.88 mmol) in dry dichloiometfiane (7.0 ml) at 0^. After 
stirring about 18 hours at room temperature, the reaction mixture was poured onto crushed ice 
and stirred until tiie ice melted. The resulting soUd was extracted into ethyl acetate. The ethyl 
acetate solution was dried over MgS04. filtered, and evaporated. The crude product was purified 
via flash chromatography (siUca gel, 30% etiiyl acetate in hexanes) to provide 235 mg (63.5 %) 
of the pure product. 

e. ^,y-rr3-f2-Etbv1hutvnphenvnmethvlene1 hisr4-rrf5-methv1-m-tetrazol-l- 
Yi>imiiin1niethvmphenol . The titie compound was obtained essentially according to step e in 
Example 4, above; however compound 9(d) was used instead of compound 4(d). 

TCXAMPLE 10 

Preparation of 2^'-[[3-Cyclohexylphenyl]methylene]bis[4-[[(5-methyl-lH-tetrazol-l- 

yl)iiiiinolmefhyl]]phenol 

Hie titie compound was prepared essentially according to flie basic procedure described 
Example 9, above; however, cyclohexylzinc bromide was used in step a instead of 2- 
ethylbutylzinc bromide. 

EXAMPLE 11 

Preparation of 2^'-[(3-Butylpheiiyl)methylene]bis[4-[[(5-methyI-lH-tetrazoM- 

yl)imino]met]iyl]]phenol 

The titie compound was prepared essentially according to die basic procedure described 
in Example 9, above; however, butylzinc bromide was used in step a instead of 2-ethylbutylzinc 
bromide. 

EXAMPLE 12 

Preparation of 2^'-[(3-Fluorophenyl)methylene]bis[4-[[(5-methyl-lH-tetrazol-l- 

yl)inuno]methyl]]phenol 
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The titte compound was prepared essentiaUy according to the basic procedure described 
in steps b-e. Example 9, above; however, ethyl 3-fluorobenzoate was used in step b instead of 
compound 9(a). 

EXAMLPE 13 

Preparation of 2^»-[(3-Peiitylphenyl)methylene]bis[4-[[(5-methyl-lH-tetrazoH- 

yl)iiiiino]methyl]]pha:iol 

The title compound was prepared essentially according to the basic procedure described 
in Example 9, above; however, pentylzinc bromide was used in step a instead of 2-ethylbutylzinc 
bromide. 

EXAMPLE 14 

Preparation of 2^».[[3-(l-Methylpropyl)phenyl]methylene]bis[4-[[(5.methyHH.tetrazol.l- 

yl)imino]metfayl]]phenol 

The title compound was prepared essentially according to the basic procedure described 
in Example 9, above; however, sec-butylzinc bromide was used in step a instead of 2- 
ethylbutylzdnc bromide. 

EXAMPLE 15 

Preparation of 2,2'-[[3-(2-Mefl»ylpropyl)phenyl]metiiylene]bis[4-[[(5.methyl-lH-tetrazol-l- 

yl)iimno]methyQ]phenol 

a. Preparation of: 




-42- 



wo 2004/014317 



PCT/US2003/025166 



The compound 15(a) was prepared essentially according to st^ a-c. Example 9, above; 
however, isobutyhanc bromide was used in step a instead of 2-ethylbutylzinc bromide. 

b. Preparation of : 




H,C CH, 

15(b) 



A mixture of compound 15(a) (0.25 g, 0.6 nunol) and pyridine hydrochloride (1.39 g, 12 
mmol) was heated to 180°C for 1.5 hours. The mixture was cooled to room temperature, diluted 
with water, and sonicated with IN hydrochloric acid. A solid was obtained by filtration, and 
purified by triturating with dichloromethane, ethyl acetate, and tetrahydrofuran, separately, to 
extract the desired product (0.131 g). 

c. 2.2'-rr3-r2-MethvlDropvl'>phenvllmethvlene1bisr4 -rr(S-methvl-lH-tetrazol-l- 
Yl)imino1methvmphenoL Compound 15(b) (0.13 g, 0.34 mmol) was mixed with l-amino-5- 
methyltetrazole (0.10 g, 1.01 mmol), pyridinium para-toluenesulfonaie (catalytic) and absolute 
ethanol (15 ml), and stirred at room temperature overnight. The ethanol was removed by rotary 
evaporation, and the remaining solid was sonicated with water. Hie solid was collected by 
filtration and dried under vacuum. The crude product was recrystallized in hot ethanol to give 
0.056 g of the title compound. 

EXAMPLE 16 

Preparation of 2^'-t[(3-Methoxyethyl)plienyl]methylene]bis[4-[[(5-methyl-lH-tetrazol-l- 

yl)imino]methyl]]ph«aiol 
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a. N-methoxv-N-N' .N'-trimethvliirea. A mixture of dimethylhydroxylamine 
hydrochloride (150.0 g, 1.54 mol), 4-dimethyIaminopyridine (9.4 g, 0.076 mol), and 
dichloiomethane (1.35 L) was chilled to -20^, under argon. Dimethylcarbamyl chloride (135 
ml, 1.46 mol) and pyridine (315 ml) were added consecutively over 25 minutes. The reaction 
was slowly warmed to room temperature and agitated for about 18 hours. The reaction mixture 
was filtered to remove pyridine hydrochloride and concentrated by rotary evaporator. The 
mixture was diluted with f-butyl methyl ether, and the solids were removed by filtration. The 
filtrate was concentrated by rotary evaporation. Vacuum distillation provided desired product 
(135.10 g, 69%) as a colorless oil. 

b. Pre paration of; 



H,0' 




16(b) 

A mixture of 2-(4-methoxymethoxyphenyl)-5,5-dimethyl-l,3-dioxane, prq>ared 
according to Example 1, step b above, (62.7 g, 189.3 nmiol) and r-butyl methyl ether (400 ml) 
was cooled to -20''C. n-Butyllithium (130 ml, 208.0 mmol, 1.6 M in hexanes) was added slowly. 
After 10 minutes, a solution of N-methoxy-N4si',N'-trimethyluiea (11.0 g, 83.2 mmol) in r-butyl 
methyl ether (115 ml) was added diopwise. The mixture was stirred at -20°C for 1.5 hours and at 
0°C overnight. The reaction mixture was quenched with saturated NH4CI (125 ml), and the 
layers were separated. The combined organic phases were washed with water (200 ml) and brine 
(200 ml) and concentrated in vacuo. The orange oil was purified via several chromatography 
columns (silica gel, ethyl acetate/hexanes), then crystallized in ethanol/water, providing the 
desired product (30.22 g). 
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C. Prtsparation Of : 



CH. 



-CH, 



CH, CH3 



16(c) 



3-Biomophenethyl alcohol (5.18 g, 25.8 mmol) was mixed with fert-butyldimethylsilyl 
chloride (4.24 g, 28.16 mmol), imidazole (1.91 g, 28.16 mmol), andNJ^-dimethylfonnamide (15 
ml), and stined at room temperature for about 18 hours. The product was partitioned between 
ethyl acetate and water. The aqueous layer was washed with ethyl acetate, and the organics were 
combined, washed with brine, dried over MgS04, and filtered. The filtrate was concentrated in 
vacuo to provide 8.07 g of the desired product. 



d. Preparation of : 



H3C CH, H,C CH, 

rS rS 

o^^o 0^0 



H,C^ 




CH, CH, 



16(d) 



A solution of compound 16(c) (3.27 g, 10.36 mmol) in anhydrous tetrahydrofuran was 
cooled to -78°C, under argon. n-Butyllithium (3.76 ml of 2.5M) was added slowly. After 5 
minutes, a solution of compound 16(b) (5.00 g, 9.42 mmol) in tetrahydrofuran (40 ml) was added 
diopwise. The mixture was slowly warmed to room temperature, stirred overnight, and 
quenched with 10% NH4CI (IL). The solution was extracted with ethyl acetate (2 x 60 ml). 
The combined organic phases were washed with brine, dried (MgS04), filtered and concentrated 
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in vacuo. The crude product was purified via flash chromatography (silica gel. 30% ethyl acetate 
in hexanes), providing 7.22 g (46%) of the desired product 

e. Preparation of : 




16(e) 

Tetrabutylammonium fluoride (4.5 ml of l.OM in tetrahydrofiiran) was added to a 
solution of compound 16(d) (3.13 g, 4.08 mmol) in tetrahydrofuran (15 ml). The reaction 
mixture was stirred at room temperature, under argon, overnight. The solution was partitioned 
between ^yl acetate and water, and the layers were separated. The aqueous layer was extracted 
with ethyl acetate (2 x 50 ml), and the combined organics were washed witii brine, dried 
(MgSOA), filtered, and concentrated in vacuo. The crude product was purified via dry-flash 
chromatography (siUca gel, 10% ethyl acetate in hexanes), providing 2.05 g of the desired 
product. 

f. Preparation of : 




16(f) 
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Compound 16(e) (0.69 g, 1.06 ratnol) was added diopwise to a refluxing suspension of 
sodium hydride (86 mg, 3.59 mmol) in tetrahydrofuran. After completion of addition and 
cessation of hydrogen evolution, iodomethane (0.99 ml, 1.59 mmol) was added. The reaction 
mixtuie was stirred for 2 hours at refluxing temperature, then cooled to room tempmture. The 
reaction was quenched slowly with water and extracted with ethyl acetate (2 x 50 ml). The 
combined organic layers were washed with brine, dried ^gS04), filtered, and concentrated in 
vacuo. The product was purified via flash chromatography (silica gel, 25% ethyl acetate in 
hexanes), providing 0.32 g (45 %) of the desired product. 

g. Preparation of : 




16(g) 



Hydriodic acid (0.4 ml, 1 ml/mmol) was added to a solution of compound 16(f) (0.26 g, 
0.381 mmol) dissolved in glacial acetic acid (3 ml). The reaction was stirted at room 
t^peratuie for 3 hours. The reaction mixture was qu^ched witii water (50 ml), and then 
extracted with ethyl acetate (2 x 50 ml). The combined organic layers were washed with 10% 
aqueous NaHSOa and saturated aqueous NaCl solution. The organics were dried over 
magnesium sulfate, fUtraed, and rotary ev^orated. This crude product was purified via flash 
chromatography (silica gel, 40% hexanes in ethyl acetate) to provide 0.296 g of the desired 
product. 

h. 2.2'-fr(3-Methoxvethvnphenvnmethvlene1bisf4-rr(5-methvl -lH-t&trazol-l- 
vniminolmethvlllphenol . Compound 16(g) (0.21 g, 0.53 mmol) was added dropwise to a 
refluxing solution of l-amino-5-methyltetrazole (0.16 g, 1.59 mmol) and pyridinium para- 
toluenesulfonate (13 mg, 0.053 mmol) in ethanol, under argon. The reaction was heated to 
leflux for 2 hours, and then cooled to room temperature. The solid was isolated via filtration, 
washed with edianol, and dried to provide 0.23 g of the title compoimd. 
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EXAMPLE 17 

Pk*eparation of 292^[(3-Ethylphenyl)methyIene]bis[4-[[(5-methyI-lH-t^^ 

yl)iiidno]methyl]]phenol 



a. Preparation of : 




H3C CH3 H3C CH3 



CH3 



17(a) 



A solution of 2-(3-bromo-4-methoxyphenyl)-5,5-dimethyl 1,3-dioxane (75.30 g, 0.25 
mol), prepared according to step a. Example 4 above, in anhydrous tetrahydrofuran (500 ml) was 
cooled to -78''C, under argon. n-Butyllithium (104 ml, 0.26 mol, 2.5M) was added over 60 
minutes. After 15 minutes, a solution of N-methoxy-NJSf' ,N'-trimethylurea, (13.22 g, 0.10 mol), 
prepared according to step a. Example 16, in tetrahydrofuran (50 ml) was added dropwise. The 
reaction mixture was warmed to room temperature, quenched with 10% NH4CI (300 ml), diluted 
with t-butyl methyl ether, and the layers were separated. The organic phase was washed with 
water (4 x), dried ^gS04), and concentrated in vacuo. TTie residue was purified via 
crystallization in ethyl acetate, providing the desired product (28.5 g). 

b. Preparation of: 




H3C CH3 H3C CH3 



17(b) 
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NJ^J^*,N*- Tetramethylethylenediamine (8.16 ml, 54mmol) was added to a solution of 1- 
biomo-3-ethyl-benzene (10.0 g, 54 mmol) in dry tetrahydiofuran (600 ml), under aigon. The 
solution was cooled to -70°C, and n-butyllithium (21.6 ml, 54 mmol) was added slowly, and the 
reaction was stirred at -70°C for 1.5 hours. Compound 17(a) (23.06 g, 49 mmol), dissolved in 
tetiahydrofuran (100 ml) was added to the solution. The mixture was stirred at -70°C for 1 hour, 
and then slowly warmed to room temperature. The reaction was quenched with aqueous NHUCl 
(30 ml) and concentrated on a rotary evaporator. The crude product was dissolved in r-butyl 
methyl ether and rinsed with water (2 x 250 ml), dried with magnesium sulfate, filtered, and 
concentrated on a rotary evaporator. Hie product was recrystallized from methanol to provide 
16.01 g of the desired product. 

b. Preparation of : 




CH3 



17(c) 

Hydriodic acid (30 ml, 58 wt % in water) was added to a solution of compound 17(b) 
(9.28 g, 7 mmol) dissolved in glacial acetic acid (90 ml). Hie reaction was stirred at room 
temperature for 1.5 hours. The acetic acid was removed in vacao. The crude product was 
dissolved in r-butjd methyl ethrar and rinsed with saturated aqueous Na2S03 (2 x 250 ml), 
aqueous NaHCOs, and brine. Hie solution was dried (M^04), filtered, and concentrated. Hie 
crude product was then purified via column chromatography (silica gel, ethyl acetate/hexanes 
gradient) to provide 2.88 g of the desired product as a white solid. 

d. Preparation of : 
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17(d) 

A mixture of compound 17(c) (2.15 g, 6 mmol) and pyridine hydrochloride (13.86 g, 120 
mmol) was heated to reflux, under argon, for 3.5 hours. The mixture was cooled to room 
temperature and diluted with water. A soUd was obtained by filtration, and purified via column 
chromatography (siUca gel, ethyl acetate/hexanes gradient), providing 0.34 g of the desired 
product. 

e. 2.2'-rf3-Ethvlphenvnmethvlene1bisr4- rrf5-methvl-lH-tetrazol-l- 
yl^iminolmethvmphenol . Compound 17(d) (0.15 g, 0.4 mmol) was dissolved in warm ethanol (6 
ml) and added to a refluxing solution of l-amino-5-methyltetrazole (0.24 g, 2.4 mmol) andp- 
toluenesulfonic acid monohydrate (0.038g. 0.2 mmol) in 5 ml ethanol, under argon. The reaction 
was heated to reflux for 2 hours, and then cooled to room temperature. A white soUd was 
collected by filtration and dried under vacuum, yielding 0.178 g of the tided compound. 



EXAMPLE 18 

Preparation of 2^^[[3-DEthyl(meffaylethyI)amlno]phenyl]metbylene]bis[44[(5^ 

tetrazo!-l-yl)imiiio]methyl]]phenol 

a. Preparation of : 




H,C CHj 

18(a) 
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Ethyl 3-aminobenzoate hydrochloride (27.70 g, 137 mmol) was suspended and 
mechanically stirred in tetrahydiofuran (350 ml) under argon. Acetone (20, 17 ml. 275 mmol) 
and sodium borohydride (5 20 g, 137 mmol) were added to the mixture. The suspension was 
cooled in an ice/ethanol bath, and a solution of tetrahydrofuran (10 ml) and water (5 ml) was 
added dropwise. The mixture was allowed to stir at room temperature overnight. 

Water (25 ml) was slowly added to the reaction to quench the sodium borohydride. A 
saturated aqueous solution of sodium chloride (400 ml) was added, and the layers were 
separated The aqueous layer was extracted with r-butyl methyl ether. The organic layers were 
combined, dried with saturated sodium chloride and sodium sulfate, and concentrated on rotary 
evaporator to provide 28.6 g of the desired product as an oiL 

b. Preparation of : 



NJ^-Diisopropylethylamine (37.61 g, 291 namol) and ethyl iodide (151.2 g, 970 mmol) 
were added to a mixture of con^ovmd 18(a) (20.0 g, 97 mmol) in acetonitrile (300 ml). The 
mixture was heated to reflux for about 10 hours. The reaction was cooled to room temperature, 
and the solvent was removed in vacuo. Water was added, and the product was extracted with 
ethyl acetate (3 x 250 ml). The organic layers were combined and dried with saturated aqueous 
NaCl and MgS04, filtered, and concentrated in vacuo. The crude product was purijBed via 
column chromatography (25% ethyl acetate in hexanes) to provide 20.4 g of the desired product. 

c. Preparation of : 




^ljpCH3 

H3C GH3 



18(b) 
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18(c) 

2-(4-Methoxymethoxyphenyl>5,5-dimethyl-l,3-<iioxane (30,06 g, 119 mmol), prepared 
according to Example 1, step b, above, was mixed with dry tetrahydrofiiran (385 ml) in a 3-'neck 
flask, under argon. NjNr,N',N'- Tetramethylethylenediamine (17.9 ml, 1 19 mmol) was added to 
the solution, and the resulting mixture was cooled to around -S^'C in an ice/NaCl bath. Sec- 
butyllithium (100 ml, 1.3M in cyclohexane) was added via a syringe pump, maintaining the 
temperature of the reaction around 0**C. The reaction was stirred for 15 minutes, then a solution 
of compound 18(b) (9.32 g, 40 nmiol) in dry tetrahydrofiiran (160 ml) was added dropwise to the 
reaction. After this addition, the solution was stirred for 2 hours at 0 "^C. The reaction was then 
quenched with 20% aqueous NH4CI (100 ml), and the organic solvents were removed in vacuo. 
The mixture was extracted two times with ethyl acetate (400 ml). The organic layers were 
combined, washed with saturated aqueous NaCl, dried with magnesium sulfate, filtered, and 
concentrated on rotary evaporator. The crade product was chromatographed (silica gel, 15-20% 
ethyl acetate in hexanes), yielding 8,77 g of the desired product 

d. Preparation of : 




18(d) 
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Hydriodic add (7.2 ml, 58 wt % in water) was added to a solution of compound 18(c) 
(5.00 g. 7.2 mmol) in glacial acetic acid (72 ml). The leaction was stirred at room temperature 
for 2 hours. The acetic acid was removed in vacuo. The residue was dissolved in 10% sodium 
bisulfite solution and etiiyl acetate, and NaHCCb was added until pH 7. The solution was 
extracted witii ethyl acetate (2X200 mL). The organics were dried over magnesium sulfate, 
filtered, and rotary evaporated. The crude product was chromatographed (siUca gel, 50-100% 
ethyl acetate in hexanes) yielding 0.78 g of the desired product 

e. 2.2'-rrr3-Ethv1<'methvlethvnamino1phenvnmethvl e ne1bisr4-rr(5-methvl-lH-tetrazol-l- 
vniminnlmethvmphenol . Compound 18(d) (0.5 g, 1.2 mmol) was dissolved in 12 ml absolute 
ethanol, and added dropwise to a refluxing solution of l-amino-5-methyltetrazole (0.36 g, 3.6 
mmol) and pyridinium para-toluenesulfonate (0.33 g, 1.3 mmol) in 12 ml ethanol, under argon. 
The reaction was heated to reflux for 2 hours, and then cooled to room temperature. Tert-butyl 
methyl etiier was added to precipitate the tosylate salt which was collected by filtration. The 
soUd was suspended in water and ethyl acetate and NaHCOa was added. The solution was 
extracted witii etiiyl acetate (2x50 ml). The organics were dried over magnesium sulfate, 
filtered, and rotary evaporated to yield 0.43 g of the titie compound. 



EXAMPLE 19 

Preparation of 2^»-[[30EthyIpropylanMno)phenyl]methylene]bis[4-[[(5-melhyl-^^ 

l-yl)lmino]mediyl]]phenol 

a. Preparation of : 




19(a) 

Trietiiylamine (18.73 ml, 134.4 mmol) was added to a solution of 2-bromoaniline (11.: 
;, 97.2 mmol) in dichloiometiiane (100 ml). Acetic anhydride (7.61 ml, 80.64 mmol) was 
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slowly added to the mixture. An exothermic reaction caused the solution to gently reflux for 
about 15 minutes. Hie reaction was stirred for two hours, diluted with dichloromethane (70 ml), 
washed with HCl (IM), washed with saturated aqueous NaCl, dried over MgS04, and filtered. 
The resulting filtrate was passed through a plug of silica gel and concentrated in vacuOy 
providing 12.1 g of the pure product. 

b. Preparation of : 




H 

19(b) 

A solution of compound 19(a) (17.29 g, 80.8 nrniol) in tetrahydrofuran (100 ml) was 
added dropwise to LiAIHU (162 ml, IM, 161.6 mmol), which was cooled to 0*^ under argon. 
The reaction was stirred at 0°C for one hour, and then stirred at room temperature for 2.5 hours. 
The reaction vessel was placed in an ice-bath, and the reaction was quenched with the slow 
addition of water (6.4 ml), followed by the dropwise addition of 15% NaOH and an additional 
amount of water (19 ml). Potassium carbonate was added until the reaction became more free- 
flowing. The solids were removed via filtration and rinsed with tetrahydrofuran. The filtrate 
was concentrated to provide the product as a brown oil. 

c. Preparation of : 




A mixture of diisopropylethylamine (5.23 ml, 30 mmol) and 1-iodopropane (2.93 ml, 30 
mmol) was added to a solution of compound 19(b) (2.0 g, 10.0 mmol) dissolved in acetonitrile 
(25 ml). The solution was allowed to reflux for 5 days. The reaction was cooled to room 
temperature, and the acetonitrile was removed in vacuo. The resulting solid was mixed with 
water (40 ml) and extracted into ethyl acetate. The organic layer was dried over MgS04 and 
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concentrated in vacuo. The product was purified via flash chromatography, providing 2.16 g 
the product. 

d. Preparation of; 



Compound 19(c) (2.16 g, 8.92 mmol) was dissolved in tetrahydrofuran (30 ml) and 
cooled to -78°C, under argon. N-ButylUthium (4.05 ml, 10.12 mmol, 2.5M in hexanes) was 
added dropwise. The mixture was stirred at -78°C for 15 to 25 minutes. Compound 16(b) (3.16 
g, 5.95 mmol) in tetrahydrofuran (25 ml) was added dropwise to the reaction mixture. The 
resulting solution was stirred overnight while slowly warming to room temperature. The 
reaction was quenched with saturated aqueous NEljCl, extracted with ethyl acetate (2 x 30ml), 
washed with saturated aqueous NaCl, dried over MgS04. and concentrated in vacuo. The 
product was purified via column chromatogr^hy (siUca gel, 25% ethyl acetate in hexanes) to 
provide 2.9 g of the desired product. 

e. Preparation of : 





N^CH, 



CH3 
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Compound 19(d) (0.306 g, 0.441 mmol) was dissolved in acetic acid (10 ml) then treated 
with hydriodic acid (1.0 ml, 57 wt % in water). The reaction mixture was stined 20 hours then 
treated with a saturated aqueous sodium sulfate solution (4 ml). A saturated aqueous sodium 
carbonate solution (80 ml) was slowly added until the reaction mixture reached pH = 8.0, then 
tiie aqueous layer was extracted witii etiiyl acetate. The organic layers were concentrated in 
vacuo to give 0.25 g of the desired product as a light yellow solid. 

f. 2.2'-rr3-flBtb Yir"^pYlam' no'>Dhenvllmethvlenelbis r4-rrf5-meflivl-lH-tetrazol-l- 
vniminolmethvmphenol- tosvlate salt . l-Amino-5-metiiyltetiazole (0.18 g, 1.8 mmol) and 
pyridinium para-toluenesulfonate (0.17 g, 0.66 mmol) were dissolved in etiiaiiol (10 ml) and 
brought to reflux temperature. Compound 19(e) (0.25 g, 0.60 mmol) was dissolved in ethanol 
(10 ml) and added to the lefluxing solution. The reaction was maintained at refluxmg 
temperature for two hours and stined at room temperature overnight. The solution was 
concentrated in vacuo, and soUd was precipitated with the addition of water. The desired 
product was isolated as a tosylate salt via filtiation, rinsed witii water (2x), and dried under 
vacuurtL 

yniminnlmethvinohenol. The tosylate salt finom step f (0.18 g, 0.24 mmol) was added to a 
solution of sodium bicarbonate (40 mg, 0.48 mmol) in water (10 ml). Efliyl acetate (10 ml) was 
added, and the mixture was stirred and sonicated for 15 minutes. The layers were separated, and 
tiie aqueous layer was washed witii etiiyl acetate. The combmed organics were washed witii 
brine and concentrated. The remaining residue was recrystallized in a mixture of ethyl acetate 
and hexanes to provide 0.08 g of the product as a pink solid. 

EXAMPLE 20^ 

Preparation of 2;2'-[[(3-IMethyIamino)phenyl]methylene]bis[4-[[(5-melhyl-m-tetraTOl-l- 

yl)iiiiino]metfayl]]plienol 

The titie compound was prepared essentially according to the basic procedure described 
Example 19, above; however, ethyl iodide was used in step c instead of 1-iodopropane. 
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KXAMPLE21 

Preparation of 2^»-[[(3-Butylethylainino)phenyI]methylene]bis[4-[[(S-methyl-lH-te^ 

l-yl)iniino]methyl]]phei^ol 

The tide compound was prepared essentially according to the basic procedure described 
Example 19, above; however, 1-iodobutane was used in step c instead of 1-iodopropane. 

EXAMPLE 22 

Preparation of 2,2'-[[(3-Methylaniino)phenyl]methylene]bis[4-[[(5-methyl-lH-tetrazol-l- 

y!)iiiiino]methyl]]phaiol 

a. Preparation of: 




22(a)(i) 22(a)(il) 



(Phsphenyl) 

A mixture of ethyl 3-aminobenzoate (9.80 g, 59.3 mmol), benzyl chloride (20 mL, 0.17 
mol) and potassium carbonate (38 g, 0.27 mol) in dry ethanol (100 mL) was heated at reflux for 
124 h. The reaction mixture was concentrated in vacuo, diluted with 100 mL of water, and 
extracted with ethyl acetate. The organic layers were concentrated in vacuo, and die residue was 
purified via column chromatography (silica gel, 3% ethyl acetate in hexanes) to provide 5.0 g of 
compound 22(a)(i) as a white solid, along with 13.1 g of compound 22(a)(ii). 

b. Preparation of: 
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Compound 22(a)(i) (2.70 g, 10.6 mmol), iodomethane (3.0 ml, 48 mmol), and potassium 
carbonate (6.6 g, 48 mmol) were placed in dry ethanol (40 ml) and stirred at reflux for 24 hours. 
The reaction mixture was concentrated m vacuo, and the residue was treated with water (50 ml) 
and extracted with ethyl acetate. The organic layers were concentrated in vacuo, and the crude 
sample was purified via column chromatography (silica gel, 5% ethyl acetate in hexanes) to 
provide 1.76 g of the desired product as clear oil. 

c. Preparation of : 




Placed 2-(4-Methoxymethoxyphenyl)-5,5-dimethyl-l,3-dioxane (5.00 g, 19.8 mmol) and 
N,N,N',N'-tetramethylethylenediamine, prepared according to Example 1 step b, above, (3.0 ml, 
19.9 mmol) in tetrahydrofuran (65 ml) at O^C, then added sec-butyl lithium (17.3 ml, 1.3 M in 
cyclohexane). The deep red reaction mixture was stirred an additional 30 minutes at 0°C, then a 
solution of compound 22(b) (1.76 g, 6.53 mmol) in tetrahydrofuran (35 ml) was added dropwise 
over a 30 minute period. The reaction mixture was stirred an additional 90 minutes at 0°C, then 
quenched with a saturated aqueous mixture of anunonium chloride (7 ml). The reaction mixture 
was extracted with ethyl acetate, and the organic layers were concentrated in vacuo. The sample 
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was purified via column chromatography (silica gel, 25% ethyl acetate in hexanes) to provide 
3.58 g of the desired product as a white solid. 



d. Preparation of : 




H3C CH3 H3C CH3 



H3O 



fjJ-CH, 



H 



22(d) 



Compound 22(c) (3.58 g, 4.92 mmol) was dissolved in dry methanol (100 ml) with 10% 
palladium on carbon (0.5 g). The reaction mixture was placed under 55 psi of hydrogen gas and 
agitated for 16 hours. The mixture was filtered througji Celite, rinsing the pad with methanol, 
and then the filtrate was concentrated in vacuo. Hie erode product was purified via colunm 
chromatography (silica gel, 25% ethyl acetate in hexanes) to provide 2.85 g of the desired 
product as a white solid. 

e. Preparation of : 



Hydriodic acid (1.5 ml, 57 wt % in water) was added to a solution of compound 22(d) 
(0,40 g, 0.627 mmol) in glacial acetic acid (20 ml). The reaction was stirred at room temperature 




H 



22(e) 
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for several hours. The reaction mixture was diluted with water and extracted with ethyl acetate. 
The combined organic layers were washed with saturated aqueous NaHSOa and brine, and rotary 
evaporated. The resulting solid was purified via flash chromatography (siUca gel, ethyl 
acetate/hexanes gradient), resulting in 100 mg of the desired product. 

f. 2.2'-rr(3-Methvlamino^phenvnmethvlene1 hisr4-rr(5-methvl-lH-telra2ol-l- 
Yl>immn1methvniDhenol . A solution of compound 22(e) (90 mg. 0.249 mmol) in ethanol (7 ml) 
was added dropwise to a refluxing solution of l-amino-S-metiiylteti^zole (74 mg, 0.747 mmol) 
and pyridinium para-toluenesulfonate (6 mg, 0.025 mmol) in ethanol (7 ml). The reaction was 
heated to reflux for 1.5 hours, and then cooled to room temperature overnight. The mixture was 
concenttated in vacuo until about 2 ml of etiianol remained. Water (6 ml) was added to tiie 
solution, and tiie mixture was sonicated. The soUd was isolated via filtration and dried to 
provide 55 mg of tiie titie compound. 

EXAMPLE 23 

Preparation of 3-[[Bis[[5-(5-meUiyl-lH-tetrazol-l-yI)imino]methyI]-2- 
hydroxyphenyl]mefliylenel-N^-diethyIbenzenesuIfonaniide 

a. Preparation of : 




23(a) 



SOjN 



A solution of 3-chIorosulfonylbenzoic acid (5.00 g, 22.7 mmol) in tetrahydrofuran (30 
ml) was dropwise added to a solution of dietiiylamine (3.0 ml, 29 mmol) and trietiiylamine (3.8 
ml, 27.2 mmol) in tettahydrofuran (30 ml) over 40 min. The reaction mixtiire was stirred for 16 
hours, and tiien concentrated in vacuo to a crude soUd. The crude solid was stirred in 6N HCl 
(50 ml) for 1 hour tiien filtered and washed witii IN HCl. The soUds were coUected, dried, 
dissolved in dry metfianol (100 ml) and treated witfi tiiionyl chloride (2 ml). The solution was 
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refluxed for 4 hours then concentrated in vacuo to a crude solid, which was purified via column 
chromatography (silica gel, ethyl acetate/hexanes gradient) to provide 4.60 g of the desired 
product as a white solid. 

b. Preparation of : 



2-(4-Methoxymethoxyphenyl)-5,5-dimethyH,3-dioxane, prepared according to Example 

1 step b, al>ove(6.56 g, 26.0 mmol), and NJ^J^',N'- tetramethylethylenediamine (3.92 ml, 26.0 
mmol) were placed in tetrahydrofuran (85 ml) at 0^. Sec-butyl lithium (22.0 ml, 1.3 M in 
cyclohexane) was added to the mixture. Hie deep red reaction mixture was stirred an additional 
30 minutes at 0^, then a solution of compound 23(a)(2.35 g, 8.67 mmol) in tetrahydrofuran (35 
ml) was added dropwise over a 30 minute period. The reaction mixture was stirred an additional 

2 hours at O^C, then quenched with a saturated aqueous mixture of ammonium chloride (5 ml). 
The reaction mixture was extracted with ethyl acetate, then the organic layers were concentrated 
in vacuo. The sample was purified via colunm chromatography (silica gel, ethyl acetate/hexanes 
gradient) to provide 4.40 g of the desired product as a light yellow solid. 

c. Preparation of : 




CH3 



23(b) 




23(c) 
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Hydriodic acid (3.0 ml, 57 wt % in water) was added to a solution of compound 23(b) 
(2.50 g, 3.36 mmol) in glacial acetic acid (30 ml). The reaction was stirred at room temperature 
for 6 hours then poured into water and extracted with ethyl acetate. The combined organic layers 
were washed with saturated aqueous NaHSOa, then brine, and concentrated by rotary 
evaporation. The erode solid was purified via flash chromatography (silica gel. ethyl 
acetate/hexanes gradient), resulting in 0.70 g of the desired product as a light yellow solid. 

d. 3-rrBisrr5-(5-methvl>lH-tetrazol-l-vlMmino1methvl1-2-hvdrDxv phenvl1m 
N,N-diethvlbenzenesulfonaniide . A solution of compound 23(c) (0.400 g, 0.856 mmol) in 
ethanol (12 ml) was dropwise added to a refluxing solution of l-amino-5-methyltetrazole (0.25 
g, 2.6 mmol) and pyridinium para-toluenesulfonate (22 mg, 0,088 mmol) in ethanol (12 ml). The 
reaction was heated to reflux for 2 hours, and then cooled to room temperature overnight. A 
white precipitate was filtered and washed with cold ethanol then dried under high vacuum to 
give 0.47 g of the desired product as a pale yellow solid. 

EXAMPLE 24 

Preparation of 2^'-[[3-(2.Dimethylaminoethoxy)phenyI]methyIene]bis[4-[[(5.methyl-lH. 

tetrazol-l-yl)imino]methyl]]phenol 



a. Pre paration of : 




A solution of methyl 3-hydroxybenzoate (4.50 g, 29.6 mmol), NJNT-dimethylethanolamine 
(3.27 ml. 32.5 mmol) and triphenylphosphine (9.31 g, 35.5 mmol) in tetrahydrofuran (75 ml) was 
treated with diethyl azodicaiboxylate (7.00 ml, 44.4 mmol). An exotheraiic reaction caused the 
solution to reflux for 2 min then cooled to 22*^0. The reaction mixture was stirred for 16 hours, 
then concentrated in vacuo. The residue was diluted with ethyl acetate and washed with water 
and brine. The organic layers were concentrated in vacuo, and the erode sample was purified via 
column chromatography (silica gel, methanol and dichloromethane gradient) to provide 2.77 g of 
the desired product as pale yellow oil. 
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b. Preparation of : 




A mixture of 2-(4-Methoxymethoxyphenyl)-5,5-diinethyl-l,3-dioxane (6.56 g, 26.0 
mmol), prepared according to Example 1 step b, above, and NJ^,N' J^'- 
tetramethylethylenediamine (3.92 ml, 26.0 ramol) was mixed with tetrahydrofuran (85 ml) at 
O^C. Sec-butyl lithium (22.0 ml, 1.3 M in cyclohexane) was added to the mixture. The deep red 
reaction mixture was stirred an additional 30 min at O^'C, then a solution of compound 24(a) 
(1.94 g, 8.67 nmiol) in tetrahydrofuran (35 ml) was added dropwise over 30 min. The reaction 
mixture was stirred an additional 2 hours at O^C, then quenched with a saturated aqueous mixture 
of ammonium chloride (5 ml). The reaction mixture was extracted with ethyl acetate, and the 
organic layers were concentrated in vacuo. The sample was purified via column chromatography 
(silica gel, methanol and dichloromethane gradient) to provide 6.56 g of the desired product as a 
white solid. 

c. Preparation of: 




Hydriodic acid (1.5 ml, 57 wt % in water) was added to a solution of compound 24(b) 
(0.75 g, 1.08 mmol) in glacial acetic acid (15 ml). The reaction was stirred at room temperature 
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for 6 hours then poured into water and extracted with ethyl acetate. The combined organic layers 
were washed with saturated aqueous NaHSOa, brine» and concentrated by rotary evaporation. 
The crude solid was purified via flash chromatography (silica gel, ethyl acetate/hexanes 
gradient), resulting in 400 mg of the desired product. 

d. 2.2*-rr3-f2-Dimethvlaniinoethoxv)Dhenvl1methvlenelbisr4-rrf5-methvl-lH-tetrazo^ 
vlMminolmethvlllphenol . A solution of compound 24(c) (0.40 g, 0.95 mmol) in ethanol (10 ml) 
was dropwise added to a refluxing solution of 1-amino-S-methyltetrazoIe (0.31 g, 3.1 mmol) and 
pyridinium para-toluenesulfonate (22 mg, 0.088 mmol) in ethanol (20 ml). The reaction was 
heated to reflux for 1.5 hours, and then cooled to room temperature overnight. The mixture was 
concentrated in vacuo until about 2 ml of ethanol remained. Water (6 ml) was added to the 
solution, and the mixture was sonicated for 10 minutes. The crude solid was isolated via 
filtration and purified via column chromatography (silica gel, 20% methanol in ethyl acetate) to 
provide 0.215 g of the desired product as a white solid. 

EXAMPLE 25 

Preparation of N-[[3-[Bis[[5-(5-methyI-lH-tetrazol-l-yI)iinino]^^ 
hydroi^IphenyI]mefhylene]phenyI]-2^dimethylpropaiiamide 

a. Preparation of : 




25(a)(i) 25(aKii) 

(Ph=phenyl) 

A solution of ethyl 4-aminobenzoate (9.80 g, 59.3 mmol), benzyl chloride (20 ml, 0.174 
mol) and potassium carbonate (38 g, 0.27 mol) in dry ethanol (100 naL) was heated at reflux for 
124 hours. The reaction mixture was concentrated in vacuo to a residue, diluted with 100 ml of 
water then extracted with ethyl acetate. The organic layers were concentrated in vacuo, and the 
crude sample was purified via column chromatography (silica gel, 3% ethyl acetate in hexanes) 
to provide 13.1 g of compound 25(a)(i) as a white solid along with 5.0 g of compound 25(a)(ii). 
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25(b) (Ph=phenyD 
Sec-butyl lithium (30,0 ml, 1.3 M in cyclohexane) was added to a mixture of 2-(4- 
methoxymethoxyphenyl)-5,5-dimethyl-l,3-dioxane, prepared according to Example 1 step b, 
above, (8.80 g, 34.9 nmiol) and NJN,N',N'-tetramethylethylenediamine (5.3 nod, 35 mmol) mixed 
with tetrahydrofuran (100 ml) at 0°C. The deep red reaction mixture was stirred an additional 
30 minutes at 0°C, then a solution of compound 25(a)(i) (4.0 g, 11.6 mmol) in tetrahydrofuran 
(40 ml) was added dropwise over 30 min. The reaction mixture was stirred an additional 2 hours 
at O^C then quenched with a saturated aqueous mixture of ammonium chloride (7 ml). The 
reaction mixture was extracted with ethyl acetate, then the organic layers were concentrated in 
vacuo. The sample was purified via colunm chromatography (silica gel, ethyl acetate/hexanes 
gradient) to provide 6.98 g of the desired product as a white solid. 

c. Preparation of : 




25(c) 

A mixture of compound 25(b) (2.40g, 2.99 nmiol) and 10% Palladium on carbon (0.24g) 
in methanol (70 ml) was placed on a Pair-shaker apparatus with 55 psi of hydrogen gas and 
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shaken for 4 hours. The solution was filtered through a pad of Celite and concentrated by rotary 
evaporation. The crude solid was purified via flash chromatography (silica gel, ethyl 
acetate/hexanes gradient), resulting in 1.56 g of the desired product as a white solid. 

d. Preparation of : 




25(d) 

To a solution of compound 25(c) (0.300 g, 0.481 mmol) and diisopropylethylamine (0.30 
ml, 1.7 mmol) was added tiimethylacetyl chloride (0.30 ml, 2.4 mmol). The leaction mixture 
was stirred for 1 hour then concentrated in vacuo. The residue was diluted in ethyl acetate and 
washed with saturated NH4CI aqueous solution and brine, and concentrated by rotary 
evaporation. TTie erode solid was purified via flash chromatography (silica gel, ethyl 
acetate/hexanes gradient), resulting in 360 mg of the desired product as a tan solid. 

e. Preparation of : 
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Hydriodic acid (1.0 ml, 57 wt % in water) was added to a solution of compound 25(d) 
(0.36 g, 0.46 mmol) in glacial acetic acid (15 ml). The reaction was stirred at room temperature 
for 6 hours then poured into water and extracted with ethyl acetate. The combined organic layers 
were washed with saturated aqueous NaHSOa, then brine, and concentrated by rotary 
evaporation. The erode solid was purified via flash chromatography (silica gel, ethyl 
acetate/hexanes gradient), resulting in 200 mg of the desired product as a tan solid. 

f. N-r3-rrBisrr5-f5-methvMH-tetrazol-l-vnimino1methvn-2- 
hvdroxvlphenyl1methvlene1phenvn-2,2-dimethvlpropanamide . A solution of compound 25(e) 
(0.15 g, 0.35 mmol) in ethanol (5 ml) was dropwise added to a refluxing solution of l-amino-5- 
methyltetrazole (0.10 g, 1.0 mmol) and pyridinium para-toluenesulfonate (9.0 mg, 0.035 mmol) 
in ethanol (5 ml). The reaction was heated at reflux for 2 hours, and then cooled to room 
temperature overnight. The mixture was concentrated in vacuo, and the crude solid was 
sonicated in ethanol then filtered and rinsed with ethanol. The sample was recrystallized with 
ethanol to give 0.1 1 g of the desired product as a white solid. 

EXAMPLE 26 

Preparation of N-[[3-[Bis[[5-(5-methyl-lH-tetrazol-l-yl)imino]methyI]-2- 
hydroxyIphenyI]methyIene]phenyl]butanesuIfoiiamide 

a. Preparation of : 




26(a) 

To a solution of compound 25(c) (0.660 g, 1.06 mmol) and triethylamine (0.30 ml, 2.2 
mmol) in dichloromethane (20 ml) was added l-butanesulfonyl chloride (0.225 ml, 1.74 mmol). 
The reaction mixture was stirred for 3 hours then concentrated in vacuo to a paste. The residue 
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was diluted with ethyl acetate and washed with water and brine. The combined organic layers 
were concentrated by rotary evaporation, and the resulting solid was purified via flash 
chromatography (silica gel, ethyl acetate/hexanes gradient), resulting in 0.61 g of the desired 
product as a white solid. 




Hydriodic acid (1.0 ml, 57 wt % in water) was added to a solution of compound 26(a) 
(0.60 g, 0.81 mmol) in glacial acetic acid (8 ml). The reaction was stirred at room temperature 
for 6 hours then poured into water and extracted with ethyl acetate. The combined organic layers 
were washed with saturated aqueous NaHSOa and brine and concentrated by rotary evaporation. 
The crade solid was purified via flash chromatography (silica gel, ethyl acetate/hexanes 
gradient), resulting in 0.17 g of the desired product as a Ught yellow solid. 

c. N-rr3-rBisrr5-f5-methvl-lH-tetrazol-l -ynimmnlTnethvll-2- 
hvdroxvlphenvllmethvlenelphenvllbutanesulfonamide . A solution of compound 26(b) (0.158 g, 
0.338 mmol) in ethanol (7 ml) was dropwise added to a refluxing solution of l-amino-5- 
methyltetrazole (0.100 g, 1.01 mmol) and pyridinium para-toluenesulfonate (9.0 mg, 0.035 
mmol) in ethanol (7 ml). The reaction was heated to reflux for 2 hours, and then cooled to room 
temperature overnight. The reaction mixture was concentrated in vacuo down to 3 ml resulting 
in the formation of a white precipitate. The solids were filtered and washed with cold ethanol 
then dried to give 0.18 g of the desired product as a pale yellow solid. 
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EXAMPLE 27 

Preparation of 2^^[(3-Nitrophenyl)methyIene]bis[44[(S-methyl-lH-tetr^^ 

yl)iinino]methyl]]phenol 

a. FreDaration of : 




3-Nitrobenzaldehyde (2.99 g, 19,8 mmol), 4-hydroxbenzaldehyde (6.10 g, 50 imnol), and 
concentrated hydrochloric acid (8.2 ml, 99 nunol) were sealed in a Caiius tube and heated to 135 
•^C for several hours. Hie vessel was cooled to room temperature, and the solid material was 
washed with water, which was then decanted. The material was dissolved in NJ^- 
dimethylformamide, and a precipitate formed upon addition of water. The solid was isolated by 
filtration, and purified via colunm chromatography (silica gel, 50% ethyl acetate in hexanes), 
providing 0.299 g (4 %) of the desired product. 

b. 2.2'-r(3-Nitrophenvnmethvlene1bisr4-rr(5-methvl-lH>tetrazoM- 
vDiminolmethvlllphenoL The title compound was obtained essentially according to step f, in 
Example 1, above; however compound 27(a) was used instead of compound 1(e). 

EXAMPLE 28 

Preparation of 2^^[(3-MethyltMophenyI)metiiylene]bis[4-[[(5-mediyl-m-tetrazol-l^ 

yI)imino]methyl]]phenol 



-69- 



wo 2004/014317 



PCT/I}S2003/02S166 



a. Preparation of : 




HgO CHg HjG ^^^3 



CH3 



S— CH3 



28(a) 



3-Bromothioanisole (0.71 g, 3.5 mmol) was dissolved in diethylether (30 ml) and cooled 
to -15°C, under argon. N-Butyllithium (1.5 ml, 3.8 mmol, 2,5M in hexanes) was added 
dropwise. The mixture was stirred at -15^C for 3 hours. Compound 16(b) (1.5 g, 2.8 nmiol) in 
diethylether (15 ml) was added dropwise to the reaction mixture. The resulting solution was 
stirred ovemi^t while slowly warming to room temperature. The reaction was quenched with 
saturated aqueous NH4CI, extracted with ethyl acetate (2 x 30ml), washed with saturated aqueous 
NaCl, dried over MgS04, and concentrated in vacuo. The product was purified via column 
chromatography (silica gel, 20% ethyl acetate in hexanes) to provide 0.48 g of the desired 
product 

b. Preparation of : 



Hydriodic acid (0.7 ml, 58 wt % in water) was added to a solution of compound 28(a) 
(0.46 g, 0.7 mmol) in glacial acetic acid (7 ml). The reaction was stirred at room tempemture for 




S— CH3 



28(b) 
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2 hours. The acetic acid was removed in vacuo, and the residue was dissolved in water and ethyl 
acetate. The organic layer was washed with 10% aqueous sodium thiosulfate and saturated 
aqueous NaCl solution* The organics were dried over magnesium sulfate, filtered, and rotary 
evaporated. The product was purified via column chromatography (silica gel) to provide 0.25 g 
of the desired product 

c. 2.2*-rf3-MethvlthioDhenvnmethvlene1bisr4-rrf5-methvl-lH-tetrazol-l- 
vHiminolmethvlllphenoL Compound 28(b) (0.05 g, 0.13 mmol) was dissolved in 2 ml of 
absolute ethanol, and added dropwise to a refluxing solution of l-amino-5-methyltetrazole (0.04 
g, 0.40 mmol) and pyridinium para-toluenesulfonate (0.003 g, 0.013 nunol) in 2 ml ethanol, 
under argon. The reaction was heated to reflux for 2 hours, and then cooled to room 
temperature. A solid was collected by filtration and dried under vacuum, yielding about 0.042 g 
of the title product. 

EXAMPLE 29 

Preparation of 2^»-[(3-Methyl5uIfinylphenyl)methyIene]bis[4-[[(5^^^ 

yl)imino]methyI]]pheiioI 

a. Preparation of : 




NaI04 (0.073 g, 0.34 mmol) was added to a solution of compound 28(b) (0.13 g, 0.34 
mmol) dissolved in ethanol (12 ml) and water (12 ml). The reaction was stirred at room 
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temperature for 5 hours. The solvents were removed in vacuo. The residue was dissolved in 
ethyl acetate and washed with water (2X10mI). The organics were dried over magnesium 
sulfate, filtered, and rotary evaporated to yield 0.12 g of the desired product. 

b. 2.2'-rf3-Methvlsulj5nvlphenvnmethvlenelbisr4-rr(5-methvl-lH-tetrazol-l- 
vlMminolmethvmphenol. Compound 29(a) (0.075 g, 0.19 mmol) was dissolved in absolute 
ethanol (4 ml), and added dropwise to a refluxing solution of 1-amino-S-methyltetrazole (0.057 
g, 0.57 nmiol) and pyridinium para-toluenesulfonate (0.005 g, 0.019 nmiol) in 2.5 ml of ethanol, 
under argon. The reaction was heated to reflux for 2 hours, and then cooled to room 
temperature. The solvent was removed in vacuo. The residue was suspended in water, collected 
by filtration, and dried by vacuum to yield 0.096 g of the title product 

EXAMPLE 30 

Preparatton of 2^'-[(3-Methylsulfonylphenyl)methyIene]bis[4-[[(5-methyl-lH-tetrazol-^ 

yl)imino]methyI]]plienol 

a. Preparation of : 




30(a) 

Compound 29(a) (0.036 g, 0.09 mmol) was dissolved in ethanol (2 ml) and water (2 ml) 
then cooled to 0°C. Meta-chloropeibenzoic acid (O017 g, 0.09 mmol) was added to the solution. 
The reaction mixture was stirred at room temperature overnight. The solvents were removed in 
vacuo. The residue was dissolved in ethyl acetate (50 ml) and washed with saturated aqueous 
NaCl solution and 5% NaHCOs solution. The organics were dried over magnesium sulfate, 
filtered, and rotary evaporated to yield 0.024 g of the desired product. 
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f . 2.2'>rG-Methvlsulfonvlphenvnmethvlene1bisr4-rr rS-methvl-lH-tetra^ 
vniminolmethvniphenoL Compound 30(a) (0.024 g, 0.058 mmol), l-amino-S-methyltetrazole 
(0.017 g. 0.17 mmol) and pyridinium para-toluenesulfonate (0.002 g, 0.006 nunol) were 
dissolved in 3 ml absolute cthanol under argon and refluxed for 2 houns. Hie reaction was 
cooled to room temperature. A solid was collected by filtration and dried under vacuum, 
yielding about 0.015 g of the title product 



Other compounds of the invention having anti-pneumovirus activity may be prepared 
following the various synthetic routes described hereinabove. Examples include, without 
limitation tfie compounds of Table 1: 



TABLE 1 




Esrample 
Nmnber 




Name 


NMRData* 


Mass 

Spec 


1. 


-CHzQIzCHj 


2,2'-[(3- 
Propylphenyl)methylene 
Ibis[4-[[(5-mBthyMH- 

tetrazol-1- 
yl)iinino]methyl]]pbeQoI 


'HNMRinDMSO 

1031 (s, 2H); 9.15 (s. 2H); 7.79 (dd, 2H. J=1.76, 8.21 
Hzy, 7A7 (d, 2a J= 2.34 Hz); 123 (t, IH. J=7-62H2); 
7.06 (d, IH, J=7.62Hz); 6.99 (4 2H. J=821Hz): 6.92 (m, 
2H); 6.06 (s, IH); 2,49 Cm, 2H); 2^ (s. 6H>, 154 (m, 
2H): 0.85 ft. J»7.62Hz) 


535 
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Exan^le 
Number 




Name 


NMRData* 


Mass 
Spec. 


2. 




2.2'-[[(3- 

Diinethylamino)phenyl] 
methylene]bis[4-[[(5- 
mcthyl-lH-tetrazol- 1 - 

yl)iiiiinolinethylJ]phenol 


HNMRinDMSO 

10.48 (s, 2H); 9,15 (s. 2H); 7,78 (dd. 2H. J=238. 8,5Hz); 
7.51 (2H. d. J=2.3Hz); 7.12 a IH. J=8.2, 7.6Hz); 6.98 (d, 
2H. J=8.79Hz); 6.59 (dd. IH, 1=1 .76. 5.86 Hz); 6.47 (IH. 
5); 6.38 (d. Hi J-7.62 Ht); 6.01 (IH, s); Z82 (6H. s); 
2.47 (6H.S) 


537.93 
(M+H)+ 


3. 


CH3 


(Methylethyl)phenyl]infi 

thylene]bis[4-[[(5- 
methyl-lH-tetrazol- 1- 
yl)imino]m6tfayl]]pheno] 


'HNMRmDMSO-d6: 

10.497 (s, 2H); 9.132 (s, 2H); 7.774 (dd. 2H. J«8.2. 1.75 
Hz); 7.447 (d. 2H. J«l .75 Hz); 7.220 (t. 1 H. J=7.62 Hz); 
7.097 (d, IH, 8.21 Hz); 6.993 (obscured, IH); 6.979 (d, 
2H, J-8.2 Hz); 6.903 (d, IH, J-7.62 Hz); 6.067 (s, IH); 
2.804 (septet, IH, J= 7.04 Hz); Z434 (», 6H); 1.136 (d. 
6H.J=7.04H2) 

''CinDMSO-de: 

159.956. 158.841. 149.200, 148367. 14X123. 131.021. 
130.918. 129.970. 128.264, 127303, 126.700. 123.957, 
122.162. 1 15.829. 42.920. 33/133. 23.921. 8.024 


S36 


4. 


-CHj 


2;2*.[(3. 
Methylphcnyl)methylen 
e]bis[4-I[(5-methyHH- 

tetrazol-l- 
vDimmolmethylllphenol 




508 


5. 


-OCH3 


Methoxyphenyl)inethyle 
ne]bis[4-[[(5-methyl- 
lH-tetrazol-1- 
/l)iimno]methyl]]pheno] 


'HNMRinDMSO: 

10.524 (s, 2H); 9.155 (s, 2H); 7-822 (dd. 2H); 7.478 (cm. 
2H); 7.246 (t IH); 7.996 (cm. 2H); 6.825 (cm. IH); 6.679 
Ccm. IH); 6.616 (s. VS^ 6.052 (s, IH); 3.693 (s, 3IQ; 
2.467 (s,6H) 


523 


6. 


-OCH2CH3 


£thoxyphenyl)methylen 
e]bis[4-[[(5-methyMH- 

tetiazol-l- 
yl)iinino]methyl]]pheno] 


'HNMRlnDMSO: 

10.52 2H); 9.16 (s, 2H); 7.79 (d. 2H. J=8.21Hz); 7.48 
Cs, 2H), 7.22 (t, la J=7.62Hz); 7.07 (d, 2H, J-821Hz); 
S,80 (d. IH. J=7.62Hz); 6.67 (d, IH, J= 7.62Hz>; 6.57 (s, 
IH); 6.04 (s. IH), 3.95 (q, 2H, J»6.45Hz); 2.47 ($, 6H): 
1.27(t,3H.W45Hz) 


539 


7. 


-a 


2;Z'-[(3- 
ChlorophenyOmethyl^ 
elbi5[4-[[(5.mclhyl-lH- 

tetrazoM- 
/l)iiimio]inethyl]]pheno] 






8. 


-Br 


2^'-[(3- 
BromophenyOmetfaylen 
e]bis[4-[[(5.metfayl-lH- 

tetrazol-1- 
yfl)iiniiio]methyl]]pheno] 


'HNMRinDMSO-d6 

10.608 (s. 2H); 9.180 (s. 2H); 7.834 (dd. 2H. J=8.21. Z35 
Efe); 7.476 (d, 2H, J=235 Hz); 7.440 (complex. IH); 
7303 (t. IH. J=7.62 Hz); 7.227 (complex, IH); 7.132 (d^ 
la J=7.62 H^; 70)15 (d, 2H. J=8Z1 H^; 6U)59 (s. IH); 
33(s,2H);Z477a.6H) 

'H:nmr: 

159.738. 158.712. 149.213. 145Z13, 131.405, 131.111. 
130.457, 129.893, 129.841, 129Z00, 128.226. 12Z277, 
121.675. 115.944. 4Z702. 8-049 


573 
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B3cample 
Number 




Name 


NMRData* 


Mass 
Spec 


9. 


^cHjCh;^ 

CHgCHa 


Ethylbutyl)phcnyl]incth 
yla[ie]bis[4.[[(5-methyl- 

IH-tetrazoM- 
yl)imino]methyl]]phenoi 


'H -NMR (300MHz, DMSO) 

10.32 (s. 2H); 9.13 (s, 2H); 7.80 (dd. J = 1.76. 835, 2H); 
7.43 (d. J « 1.76. 2H); 7^2 (J J = 7.91. 7.47, IH); 7.03 (d, 
J « 751. IH); 6.99 (d, J - 8.35. 2H)? 6.90 (s. IH); 6.86 (d. 
J -7.47. IH); 6.05 (s. IH); 245-Z42 (m, BH); 1.46-1.40 
(m. IH); 1.19 (d. J » 7.47. 4H); 0.75 CT. J « 7,47. 6H) 

"C -NMR (75.0MHz. DMSO) 

159.86. 158.87. 149. 1% 141.90. 140.92, 130.95, 130^6. 
129.84, 127.99. 126.S3. 126.24, 122.02. 115.74,42.07. 
41.80.24.37. 10.53.7.99 


579 


10. 




Cyclohcxyl)phcnyl]mct 

hylene]bis[4.[[(5- 
methyl-lH-tetrazol-1- 
yl)imiiio]methyl]]phenoI 


10l51 ^ 2H); 9.12 ($. 2H); 7.79 (dd. J » 1.76. 835. 2H): 
750 (d, J a 2.20. 2H); 7.23 (T, J = 7.91, 747. IH); 7.10 
Cd. J = 7.47. IH); 6.99 (d. 1 = 8.35, 2H); 6.9« (m. IH); 
6.92 (d, J =7.47. IH); 6.06 (s. IH); 2.46-i43 (iii,7H); 
1.76-1.64 (1D.5H); 1.41-1.20 (m, 5H) 

"C -NMR a5.0MHz, DMSO) 

159.82. 158.87. 149.1% 147.44, 141.99, 130.89. 130.74, 
130.01. 128.21. 127.50. 126.69. 124.28, 122.04, 115.74. 
43.72, 42.81. 4033. 38.67. 34.02. 26.20. 2S48. 7S8 


577 


11. 


HJjl2wl2wl2VH3 


Butylphenyl)methylene] 
bis[4-[[(5-methyl-lH- 

tetrazol-1- 
yl}unino] mediy l]]pheno] 


*HNMR (300 MHz. DMSO): 

1055 (s. 2H); 9.15 0. 2H); 7.82 (dd. 2H. J=105); 7.47 (3, 
2H); 7.23 (t. IH, J=7,6); 7.08-6.88 (m, 3H); 7,00 (d, 2H, 
r=8.2); 6.06 (s. IH); 2.68 (t, 2H. 1=15.2); 2.46 (s, 6H); 
155-1.45 (m, 2H); 1.32-1.20 (m. 2H): 0.84 (t. 3a Jb144) 

*^ NMR (75 MHz. DMSO) 

160.56. 159.57, 149.85. 142.89. 14Z77. 131.66. 13158, 
13059. 129.78, 128.85. 127.10, 122.79, 116.48,4346. 
35.48. 33.87. 22.32. 14.36. 8.74 




12. 


-F 


2.2 '-rr3- 

Huorophenyl)methylene 
]bis[4-[[(5-inethyl-lH- 

tetrazol-l- 
yl)unmo]methyq]pheiiol 


*HNMR (300 MHz. DMSO) 

1059 (s, 2H); 9.26 (s. 2H); 7.85 (d, 2H, W.8); 7.48 (s, 
2H); 741^.87 (m, 6H); 6.09 (8, IH); 247 (s, 6H) 


511 


13. 


-CH2CH2CH2CH2CH3 


2^'-[(3- 
Pemylpheayl)methyl&ne 
]bis[4-([(5-inethyl-lH- 

tetrazol'l- 
yl)imino]methyl]]pheno] 


'H NMR (300 MHz, DMSO) 

1056 (S. 2H): 9.16 (s. 2H); 7.82 (dd. 2H. J=2. 10); 7.46 (d 
2H, J=2); 7.26 (t. IH, J=15); 7.08 (d, IH, J=7); 7.01 (d, 
2H. J=7); 6.93-6.87 (m. 2H): 6.05 (s. IH); 254 (t 2H. 
1=10): 158-1.49 (m. 2H); 1.23-1.20 0n»4H); 0.79 (t.3H. 
r=13) 


565 


14. 


CHg 


2^'-[[3<l- 
Methylpn>pyOphenyl]m 
etfayI«ie]bis[4-[[(5- 
methyl-lH-tBtiBZol-l- 
yl)imino]mediyl]]pheno] 


'H NMR (300 MHz. DMSO) 

1054 (s, 2H); 9.16 (s. 2H); 7.83 (d. 2H. J=7); 7.49 (s, IKjr 
7J25 (t. IH, J=8); 7.08-650 (m, 3H); 7.03 (d, 2H, J=8); 
S.09 (s. IH); 256-252 (m. IH); 159-148 (m, 2H); 1.28 
Cd. 3a J=7); 0.88 (t. 3H. J=16) 

'*C NMR as MHz. DMSO) 

16056. 159-57, 149,84. 142.89. 142.77, 131.67. 13158. 
13057, 129.78. 128.85. 127.10. 122.79, 116.48.4345. 
35.49. 33.87. 2253. 1436. 8.74 


550 
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'Example 
Number 




Name 


NMRData* 


Mass 
Spec* 


15. 


CH3 


2,2'-[[3-(2- 
Mcthylpropyl)phcny 1] m 

ethylene]bis[4-[[(5- 
methyl- IH-tetrazol- 1 - 
yl)tinino]mcthyl]]pheiK)l 


H (PMSO) 

10.32 (s. 2H); 9.14(5. 2H); 7.79 «!<t 2H. 1=2.34. 8.21Hz); 
7 AS (d, 2H, J=1.76Hz); 7.23 (t. IH. J^.IOHz); 7.01 (m, 
3H); 6.89 (m. 2H); 6.05 (s, IH); 2.45 (s, 6H); 239 (d, 2H, 
1-7.03 Hz); 1.75 (m, IH); 0.81 (d, 6H, l»645Hz) 


549 


16. 


-CH2CH20CH3 


Methoxyethy Opheny 1] m 
ediylene]bis[4-[[(5- 
mcthyl-lH-tetrazol- 1 - 
y])imino]methyI]]pheno] 


'H DMSO 

10.52 (s. 2H): 9.15 (8. 2H); 7.80 (dd. J-1.8, 2.3. 8 JHz, 
2H); 7>t7 (d. J=23H2, 2H); 7.23 (t. J=7.a 7.6Hz. IH); 
7.1 1 (d, J=:7.6Hz. IH); 7.00 (m. 3H); 6.93 (d. Js7.6Hz. 
IH); 6.06 (s. IH); 3.49 <t. 7.0. 6.4Hz. 2H); 3.18 ($. 3H): 
2.76 (t.2H): 2.46 (S.6H) 


553 


17. 


-CHiCHj 


2.2*-[(3- 
Ethylphenyl)methylene] 
bist4-[[(5-methyl-lH- 

tetrazol-1- 
yOunino]methyl]]phenoI 




522 


18. 


CHjCH, 


2^'-t[[3- 
Ethyl(inethylethyl)ainin 
o]phenyl]methylene]bis[ 
4-[[(5.methyl-lH- 
tetrazol-l- 
yl)immo]methyl]]pheno] 


■H4>fMR(DMS0) 

10.49 (s. 2H); 9.16 (S.2H); 7.77 (d. 2H. J»8.21H2); 7.55 
(s, 2H); 7.09 (t. IH. J=7.62 Hz); 6.98 (d. 2H. J=8.21 Hz); 
6.60 (d. IH, ls8.2IHz); 6.46 (s, IH); 6.34 (d. IH, Js7.62 
Hz); 6.00 (9, IH); 3.95 (m, IH); 3.12 (m, 2H); 2,46 (s, 
SH); 1X7 (d, 6H. J«6.45Hz) 


578 


19. 




2,2'-I[(3- 
Btfaylpropylainiiio)phen 
yl]methylenelbis[4-[[(5- 
methyl- 1 H-tetrazol- 1 - 
yl)iinino]inethyll|pheno] 


■H NMR (300 MHz. DMSO) 

10.49 (brs. 2H); 9.15 (s. 2H): 7.7B (dd, 2H, J=8.21. 1.76); 
735 (d. 2H. J=l.76); 7.07 (t. IH. Jt=8.21); 6.98 (d, 2H. 
1=^8.79); 631 (d. IH. 1=8.21); 633 (m. 2H); 6XX) (s, IH); 
3.26 (q. 2H. Js7.09): 3.08 (t. 2H. ]=7.62); 246 (5, 6H): 
1.43 to. 2H): 0.99 CL 3H. J=7.03): 0.74 (t. 3H. 1=7.03) 


580 




^CHaCHa 


2^'-[[(3- 
Diethylainino)phenyl]m 
ethylene]bis[4-[[(5- 
methyl-l H- tetrazol- 1 - 
yl)iimno]methyl]]pheno] 


'HNMRCDMSO) 

10.48 (s, 2H); 9.15 (s. 2H); 7.77 (dd. 2H, J=1.76, 8.21Hz); 
734 (d. 2H 1—1 76Hz:'i- 7 08 ^^L IH 1=7 62Hzk 6.98 (d. 
2H. l=8.21Hz); 6.52 (d. IH. l=8.21Hz); 6.39 (8. IH); 631 
(d. IH. l=7.62Hz); 5.99 (s. IH); 3.23 On. 4H): 246 ^ 
6H); 0.99 (t. 6H. J«7j03H£) 


564 


21. 


^CHaCHaCHjCH, 


2^M[(3- 

Butylethylaiiiino)phenyl 
jmetnylenej dis14-[|,(d- 
mcthyl- lH-tctra23ol- 1- 

yl)iimno]iiiethyl]]pheno] 


'HNMR(DMSO): 

10.48 (s. 2H); 9.15 (s, 2H); 7.80 (dd. 1=234. SJilHz, IH); 
7.55 (d. l=1.76Hz. 2H>. 7.10 (t, 1=8.21. 7.62Hr, IH); 7.00 
Cd, J=8.21Hz. 2H): 631 (dd. 1=234. 8.21 Hz. IH); 6.35 (d. 
I=7.62H2. 2H); 6.01 (s. IH); 3.26 (m. 2H); 3.12(t. J=7.62. 
7.62Hz. 2H); 2.45 (s. 6H): 139 (m. 2H); 1.20 (m. 2H); 
1.02 (t. 1=7.03, 7X»3Hz, 3H); 0.762 (t. 1=7.62. 7.03Hz, 
3H) 


592 


22. 


-NHCH3 


2;X"-[[(3- 
Methylamlxio)phenyl]m 
cthylene]bis[4-[[(5- 
methyl- IH-tetrazoUl- 
yl)inmio]methyl]]phenol 


■H NMR {3iX3MHz, DMSO) 

10.46 (s. 2H); 9.12 (s, 2H); 7.77 (dd, 2H, 1=8.21, 1.76); 
7.48 (8, 2H); 7.04 (m. IH); 6-97 (d, 2H. 1=8.79); 6.42 (m, 
IH); 632 (m, 2H): 5.95 (s, IH); 2.60 (s, 3H): 2.44 (s, 6H) 


522 
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Example 
Number 


Ri 


Name 


NMRData** 


Mass 
Spec 


23. 


CH2CH3 


3-[[Bis[[5-(5-methyl- 

IH-tctrazoH- 
yl)imino]inethyll-2- 
hydioxypbenyl]methyle 

di^ylbenzenesulfonam 
ide 


'H -NMR (300MHz. DMSO) 

10.66 (brs, 2H); 9.17 (s, 2H); 7.85 (dd, 2H, J=8.21, 2.34); 
7.68 (d, IH, J=7.62); 756 (t. IH, J=7.62); 7.46 (d, 2H. 
Jo234); 7.40 (m. 2H); (d, 2H. J-8.21); 6.14 (s, IH); 
3.08 (q, 4H, J-7.03>. 2.46 (s, 6H); 0,92 (t 6H. J-7.03) 

NMR (75 MHz, DMSO) 

16055, 159.47. 149.91, 144.67, 140.65. 133.79, 131.64, 
130.94, 130.40, 130.12, 12734, 125.28. 123.01, 116.66. 
♦3.69.42.04. 14.22.8.76 


629 


24. 




Diniediylamiiioethoxy)p 
henyl]]]iethyleiie]bis[4- 
[[(5-mcthyl-lH-tetrazol- 

yI)iinino]inethyl]]phenol 


'H NMR (300MHz, DMSO) 

9.14 (s. 2H); 7.78 M. i=& 2, 2.0Hz. 2H); 7.47 Cs. 2H); 
7.22 (t. J=:7.8H2, IH); 6.97 (d, J=8.8Hz. IH); 6.81 (dd. 
F«8.2. 2.4Hz. IH); 6.67 (d. J«7.6Hz. IH); 6.58 (s, IH); 
S.02 (s. IH); 3.97 (t. J^^Hz, 2H); 2^2 (t, J=5.4Hz. 2H); 
2>i5(s.6H):2.19{s.6H) 


582(M+H) 


25. 




N.It3.[Bis[[5.(5. 
methyl- lH-tetrazol-1- 
yl)iiiiino]methyI]-2- 
hydroxylphenyl]methyle 
iie]ph«iyl]-2,2- 
dim^ylpropanaimde 


'H NMR (300MHz, DMSO) 

10.54 (s. 2H); 9.16 (5, 2H); 9.12 (s, IH); 7.81 (dd, 2a 
F-8.79, 234); 758 (d. IH. J-937); 7.49 (d. 2H. J-2.34); 
747 (s, IH); 7.22 (t, IH. J-7.62); 74)0 (d. 2H. 1-8.79); 
6.73 (d, IH, J»7.62); 6.04 (s, IH); Z46 (s. 6H); 1.18 (s. 
9H) 

NMR (75MHz, DMSO) 

176.99. 160.47. 1S9A7. 149.81. 14339. 140.1% 131.65, 
131.20. 13058. 128.75. 124.25. 122.75. 121.48. 118.85. 
1 16/14. 43.46. 39.73. 27.79. 8.69 


(M.H)- = 
592 


26. 


^SOgCHaCHgCHjCH, 
H 


N-[[3-[Bis[[5.(5- 
metfayl- IH-tetrazoH - 
yl)iimno]methyl]-2- 
hydroxyliAenyQmetiiyle 
ae]phenyl]butanesulfona 
mide 


'H NMR OOOMHx, DMSO) 

1057 (bw. 2H); 9.66 (s, IH); 9.16 (s, 2H); 7.82 (d, 2H, 
r=8.21); 7.44 (s. 2H); 7.27 (t, IH. 1=7.62); 7.10 (d, IH. 
r=7.62); 7.01 (d. 2H, J«&21); 6,97 (s. IH); 6.80 (d. IH, 
r=8.21); 6.03 (s, IH); 2.96 (t. 2H, J=7.03); 2.46 (s. 6H); 
154 (m. 2H); 1 .20 (m, 2H); 0.68 (t. 3a J«7X)3) 


(M-H)- = 
628 


27. 


-NQz 


2^'-[(3- 
Nitrophenyl)methylene] 
bis[4-It(5-methyl-lH- 

tdrazol-l- 
/i}imnio]nietfayl]]i^ienol 


'H NMR (300 MHz. DMSO) 

10.68 (s. 2H); 9.20 (s. 2H); 8.14 (dt. Js23. 7.0 Hz, IH); 
7.89 Cd. J=l .8 Hz. IH): 7.86 (l>S. 2H); 7.65 a J=7j6 Hfc 
IH); 7.63 Cs. IH); 7.49 (d. J=1.8 Hz, 2H); 7.04 (d. J=8.2 
Hz. 2H); 6.19 (s. IH); Z48 (s. 6H) 

°C NMR (75 MHz. DMSO. 395 ppm): 

159.73, 158.71. 149.23. 147.87, 144.72. 135.86, 13154, 
129.85. 129.74, 129.25, 122.93, 122.41. 121.45. 116.08, 
♦2.87. 8.04 


539 


28. 


I-S-CH3 


2^'-[(3- 
Methylthiophenyl)meth 
ylene]bis[4-[[(5-methyl- 

IH-tetrazoM- 
/l)imiiio]methyll]phenoI 


'H NMR (DMSO) 

1056 (s. 2H); 9.17 ($. 2H); 7.81 (d. 2H. i=8.2Hz); 7.48 (d, 
IH. J=1.76Hz); 7.29 (t. la J=7.62Hz); 7.15 (d. IH. 
r=7.03Hz); 7.00 (d, 2H, J=8aiHz); 6.97 (s. IH); 6.89 (d. 
1 a J=7.62Hz); 6.05 (a. IH); 2.47 (s. 6H): 2A\ (s. 3H) 


(M-H). 
538.8 
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Example 
Number 




Name 


NMRData* 


Mass 
Spec. 


29. 




2^'-[(3- 
MethylsulfinylphenyDm 
ethylene]bis[4.[[(5- 
methyl- IH-tetrazol- 1 - 
yI)imiho]methyl]]phcno] 


NMR (DMSO) 

10.65 (s, 2H); 9.19 (s. 2H);7.84 (dL 21i J=8.19H2); 7,49 
(m. 5H); 7.28 (m, lif); 7.02 (d. 2H. |s8.43Hz); 6.16 <s. 
IH); 2.72 (s. 3H); 2.47 (s. bh) 


(M+H)+ 
557-1 


30. 


^SO,CH, 


2^'.[(3. 

Metfaylsulfonylphenyl) 
metfaylei]e]bis[4-[[(5- 
methyl-lH-tetrazol- 1 - 

yl)imino]methy 1]] phenol 


'H NMR (DMSO): 

10.66 (s, 2H); 9.19 (s. 2H); 7.85 (m, 3H); 7.62 (nv 2H); 
7.48 (m,3H);7.03 (A 2H. J=8.21H2); 6.18 (s. IH); 3.20 
(s.3H);2.47(5.61D 


(M+H)+ 
573.1 


31. 


CH3 


3-[Pis[[5-(5-mcthyl- 

IH-tetrazoM- 
yI)imino]methyI]-2- 
hydroxyphenyl]0iethyle 

nel-N.N- 
dimethytbenzenesulfona 
mide 


'H NMR (300 MHz, DMSO) 

10.66 (s, 2H); 9.18 (s. 2H): 7.85 (dd. 2H. i= 8.21. 1.76); 
7.63 (m. 2H); 7-47 (d, 2H, J= 1.76); 7.44 (m, IH); 7.37 (s, 
IH); 7.04 (d. 2H. J= 8.21): 6.15 (s, \H)\ 2.52 (s, 6H>; 2.46 
Cs,6H) 

"C NMR as MHz. DMSO) 

16036, 159.49, 149.90, 144.65, 135.05. 134.33, 13156. 
131.06,13037, 130.12, 128.15, 126.11, 123.05, 116.64, 
43.81.38.19,8.77 


602 


32. 


.NHCH2CH2CH3 


2,2 -1(3- 
PropylaminophenyOmet 

hyleiie]bis[4-[[(5- 
methyl- IH-tetrazol- 1 - 
y])inuno]methyl]]phenol 


-NMR fSOOMHz. DMSO) 

10.47 (s, 2H): 9.14 (s. 2H); 7.78 (dd. 2H. J»8.21. 1.76); 
750 (d. 2H, J»l .76): 6.99 (m. 3H); 6.41 (d. IH, 1=8.21); 
6.34 (s, IH); 6.26 (d, IH, 1=8.21); 5.«5 (s. IH); 557 (m. 
IH); 2.89 (t. 2H, Js7j03); 2.46 (s, 6H): 150 On, 2H)i 0.87 
Ct.3H.J=7.03) 

"C -NMR aSMHz, DMSO) 

16053. 159.61. 149.79. 149.66, 143.35, 131.76. 131j61, 
mA$, 129.37. 122.65. 1 17.24. 11635. 114.19, 109.92, 
45.42. 4334, 2253. 12.29, 8.70 


552 


33. 




2^'-[[3-[2. 
(Diethylaminopropoxy) 
phenyl]methylene]bis [4- 
[t(5-methyl-lH-tetrazol- 
1- 

yI)imiao]methyl]]pheno] 


'H NMR (300MHS, DMSO) 

9.1 1 (s, 2H); 7.75 (dd. X=8.2, ZOHz, 2H); 749 (5, 2H); 
7.22 (t, J=8.2Hz. IH); 6.93 (d. J«8.0Hz. 2H); 6.78 (d. 
J=8.2H2, IH); 6.64 (d. J=8.0Hz, IH); 657 (s. IH); 5.95 (s, 
IH); 3.92 (t, J=65Hz. 2H); 244 (m. 12H); 1.75 (peotet, 
J=65Hz. 2H); 0.85 (t Js7.QHz. 6H) 


(M+H) 


34. 


9 

^\ 


N-[[3.[Bis[[5-(5. 
metnyi- 1 ri-icirazoi- x - 
yl)imino]methyr|-2- 
hydroxylpbenyl]methyle 
iie]phCT>4]acetamide 


*H NMR (300MHZ. DMSQ) 

10,66 (brs, 2H); 9.88 (s. IH); 9.15 (s, 2H); 7.80 (d. 2a 
1=7.62); 756 (d, IH. J=7.03); 7,48 (s. 2H); 7J28 (s, IH); 
7 J2 (t. IH, J=7.62); 7.05 {d, 2H. 1=8.21); 6.75 (d, 1 H, 
1=7.62); 6.03 (s. IH); 2.46 (s, 6H); 1.97 (s. 3H) 


(M-H)- = 
550 


35. 


CHaCHjjCHa 


N-[[3-[Bis[[5-(5. 
methyl-lH-tetrazoH- 
yl)imino]mcthyl]-2- 
hydroxyIphenyl]methyIe 
ne]phenyl]-N- 
propylacetamide 


'H NMR (300MHz. DMSO) 

1057 (bn. 2H); 9.14 (s, 21^; 7.80 (dd, 2H, X»831, 1.76); 
7.43 (6, 2H); 759 (t. IH, 1=7.62); 7.16 (m, IH); 7.04 (d, 
IH, J=7.62); 7-00 (d. 2^ J=8.79); 6.91 (s, IH); 6.07 (s, 
IH); 350 a 2H, J=7.03); 2.43 (s. 6H); 1.67 (bis. 3H); 
132 (m. 2H): 0.70 (t. 3a J=7.03) 


(M-H)-« 
592 
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Bmnple 
Number 


Ri 


Name 


NMRData* 


Mass 
Spec 


36. 




N.[(3.[Bis[[5-(5. 
methyHH-tetrazol- 1 - 
y Dimino] methy l]-2- 
hydroxylphenyl]methyle 

ne]phenyl]-N- 
(xnethylethyOacetamide 


'H NMR (300MHS. DMSO) 

10.57 (brs. 2H); 9.13 (9. 2H); 7.80 (dd. 2H. J=8.21. 1.7«>; 
7.43 (8. 2Hy, 7 AO (t, IH, J-7.62); 7.U (d. 2H, Mj62)\ 
1J0O (d, 2H. J»8.79); 6.80 (s, IH); 6.08 (s, IH); 4.73 (m. 
IH); X42 (s. my, 1.58 (brs, 3H): 0.87 (Ins. 6H) 

NMR (7SMH2, V(MSO) 

168.89, 160.62, 159.61. 149.84. 144.40. 139.49. 131.33, 
131.26. 131.21. 131.ia 129.79. 129^ 128.66. 122.87. 
1 16.46. 45.50. 43.52. 23.89. 21.43. 8.74 


(M-H)— 
592 


37. 


^!!«Hjc<f ^ 

OHzCH^a 


N-[[3-[Bis[I5-(5- 
metfayl- IH-tetrazol- 1 - 

Jri/IIIIIIHyjllJ)CT>lljrlJ ^ 

hydroxylphenyllmethyle 
ne]ph«iyI]-3-mediyl-N- 
piopylbutananiide 


'H NMR (300 MHz. DMSO) 

10.6 (s, 2H); 9.15 (s, 2H); 7.83 (d, 2H, Je8.79); 7.43 (m. 
3H); 7.14 (d. IH. J=8.21); 7.07 (d, IH. J-7.62); 7.02 (d, 
2H, J=8.21); 6.86 (s. IH); 6.10 (s. IH); 3.54 (t, 2H, 
1=7.03); 2,46 (s. 6H); 1.78 (bm. 3H); 137 (m. 2H): 0.74 
Ct. 3H, M.03); 0.59 (d. 6H. 1»5.86) 

"C NMR (75MHz, DMSO) 

lfl.j\jf lOU.Do, i*t'7*0<f. I'l'^./U, fU.lJ, l^l.O/. 

130.99. 130.74. 130.22, 129.94, 128.74, 126.57, 122.88. 
116.57,5039,4333.42.98.25.85.22.75.21.23, 11.69. 
8.74 


(M-H).= 
634 


38. 




N-[[3-[BisI[5-(5- 
methyl-lH-tetrazol-l- 
yl)iiniiio]inethyI]-2- 
hydroxylpl^nyl]iD6diyl6 
iic]phenyl]-3-methyl-N- 
(methylethyl)butanamid 
e 


'H-NMR (300MHz, DMSQ) 

10.57 (brs. 2H): 9.12 (s. 2H): 7.79 (d. 2H. J=8.79); 7.40 (s. 
3H); 7.10 (m, IH); 7.04 (m, IH); 7.00 (d. 2H. J=8.79); 
6.74 (s. IH); 6.08 (s. IH); 4.76 (bnn, IH); 2.42 (s, 6H); 
1.81 (bis, IH); 1,63 (brs, 2H); 0.90 (bnn, 6H); 0.56 Cbim^ 
6H) 


(M-H)- = 
634 


39. 


CHg 


N.[[3-[Bis[[5-(5- 
mfithyl-lH-tetrazol- 1- 
yl)iniino]methyl]-2- 
hydroxylphenyl]iiiethyle 
ne]phcnyl]-3-methyl-N- 
methylbutanaxnide 


'H NMR (300MHz. DMSO) 

10.57 (bfs. 2H); 9.14 (s, 2H); 7.80 (dd. 2H, J=8.21, 1.76); 
7.44 (s. 2H); 739 iU IH. 1^7.62); 7.16 (d. IH. 1=8.21); 
7.02 (m. 3H); 6.90 (s, IH); 6.08 (s. IH); 3.12 (s, 3H); 2.44 
(s, 6H); 1.80 0ns, 3H); 038 (brs, 6H) 

% NMR (75MHz, DMSO) 

17139. 16034. 15931. 149.86, 144.72, 131.74. 130J9. 
130.67, 130.20. 128.78. 12S35. 125j64, 122.89. 11638. 
«35. 42.66. 37.47. 25.82. 22.79. 8.77 


M+=:607 
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Ri 


Name 


NMRData* 


Mass 
Spec 


40. 


L 

CHjCHs 


N-[[3.[Bis[[5-(5. 
methyl- IH-tetrazol- 1- 
y Oiminolmethy I] -2- 
hydroxylphenyl]methyle 
n6]phenyl]-N- 
etiiylacetamide 


■H NMR (300MHz. DMSO) 

1037 (bra, 2H); 9.U (a, 2H); 7.80 (dd, 2H» J^.21, 1.76); 
7.44 (d. 2Ii J-1.76>. 739 (t. IH. J-7.62>; 7.16 (d» IH. 
J=8.21); 7.06 (d. IH, J-8.21); 7.00 (d. 2H. J«8^1); 6.90 
(8. IHy. 6.08 (s. IH); 336 (q, 2H, J=7.03); 2.43 (s, 6H); 
1.66 (bis, 3H); 0.92 (t. 3H. J»7.03) 

NMR C75MHZ. DMSO) 

169.03. 16038. 159j60. 149.85. 144.70. 143.17. 13l>tt5. 
130.99. 130.19, 12939. 128.98, 12631. 122.89. 11631. 
4331,23.13. 13.59. 8.74 


(M+H)+ 
= 580 


41. 


^SOXhLCH.CH. 


N-[[3-[BisI[5-(5. 
metfayl-lH-tetrazol-l- 
yl)miinojmcinyij-z- 
hydroxylphenyljmethyle 
ne] pheny llpropane 
sulfonamide 


>H NMR (300MHz. DMSO) 

1037 rtirs- Mft- 9 67 \YS\' 9 16 2H^' 7 82 (dd. 2H. 
1=8.21, 1.76); 7.44 (d, 2H. J=l.76); 7.27 (t. IH. J=7.62>; 
7.10 (d. la J=8.21); 7.01(d. 2a J==«.21); 6.97 (s. IH): 
6.80 (d. la J«8.21); 6.03 (s, IH); 2.97 (t. 2H, J»7.03); 
2.47 (s. 6H); 139 (m. 2H); 0.81 (U 3H. J=7.03) 


(M-H)- = 
614 


42. 


CH3 


2^'-[[3- 
MethylCmethylethyOami 
nophenyljmethylenejbis 
[4-[[(5-methyl-lH- 
tetrazol-l- 
yl)iminoliDethyl]]pheno] 


'H NMR (DMSO): 

10.48 (B. 2H); 9.15 (s. 2H); 7.80 (d. J=7.33H2, 2H) 
732 (s. 2H); 7.13 (t, 1=8.2, 7.62Hz. IH); 7.00 (d. 
J=8.79Hz, 2H); 6.67 (d, J=8J21Hz, IH); 634 (s, IH) 
S37 (d. J=7.62Hz, IH); 6.01 (s. IH); 3.99 (m. IH); 2^ 
Cs, 3H); 2.46 (s. 6H); 1.06 (d. J=6.45Hz. 6H) 


564 



* 'H NMR and "C NMR spectra were acquired on a Varian Mercury VX 300 Spectxometer and nsfereoced to 
tetramethylsilane (TMS) unless indicated otherwise. Chemical shifts and coiq>liiig constants are reported in parts 
per million (ppm) and Hertz (Hz) respectively. 



Illustrative examples of the preparation of prodrugs in accordance with the present 
invention are provided below. 

EXAMPLE 31 
Preparatton of Prodrugs 

a. A solution of 2,2'4(3-propylphenyl)methylene]bis[4-[[(5-methyl-lH-tetrazol-l- 
yl)inuno]methyI]]phenol (200 mg, 0.37 mmol), prepared as described in Example 1, above, in 
anhydrous pyridine (1 ml) and propionic anhydride (0.234 ml) was wanned gently with a heat 
gun, and then kept at room temperature for 2 hours. The solvent was removed and water (5 ml) 
was added to the residue. The mixture was sonicated, and a solid was collected, washed with 
water, and then dried to give 225 mg of the desired dipropionate prodrug. 

b. A solution of 2,2'-[(3-propylphenyl)methylene]bis[4-[[(5-methyl-lH-tetrazol-l- 
yl)imino]methyl]]phenol (200 mg, 0.37 mmol), prepared according to Example 1, above, in 
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anhydrous pyridine (1ml) and acetyl chloride (0.106 ml) was stirred at room temperature for 3 
hours. The solvent was removed, and water was added to the residue. After sonication, a solid 
formed, which was filtered and dried to give 216 mg of the desired diacetate prodrag. 

Scheme 1 illustrates an aspect of the invention regarding methods of preparing the 
compound of Formula m. 



Y, Ra, Rb, M. X", Rat and P are defined and selected in accordance with the description of the invention above. 



Scheme 1 




OH 

1)Rb-X'.Base, 2) ( ) .Add, Solvent, 
Solvent HO oh Heat 




VI 




1) Base, Solvent 
( also chelating 
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IV 






1) UorMg. 
Solvent 
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Example 32 illustrates the effectiveness of the compounds used in the method of the 
invention in inhibiting the viral replication of RS V in cell culture. 



EXAMPLE 32 

Cell Culture Assay for Inhibition 
of Pneumovirus Replication 

Ttie replication of many viruses may be quantitatively assessed in the laboratory in 
various cell or tissue culture systems. Such in vitro culture methodologies are available and 
useable by those skilled in the art for the propagation and quantitative measurement of the 
replication of pneumoviruses. The following procedure was used for the in vitro quantitative 
measure of RS V replication. 

Using the procedure described in this example, compounds of the present invention were 
evaluated for their ability to inhibit the replication of the virus in cell culture. By adding 
compounds at various concentrations to the culture medium, a dose response effect of the 
compound on virus replication was determined. A useful quantitative measure of the inhibition 
of RS V replication in this assay is the concentration of the compound at which virus replication 
in cell culture is inhibited by 50% in comparison to that observed in the absence of the 
compound (50% Inhibitory Concentration, IC50). In the case of RS V, IC50 values are defined as 
the concentration of compound that protected 50% of the cell monolayer from virus-induced 
cytopathic effect (syncytia formation). 

Anti-pneumovirus compounds of the invention were screened for antiviral activity 
against RSV (strain Long) on cultured HEp2 cells. Standard 96-well culture plates were seeded 
with 4 X Itf^ HEp2 cells in 200 fiL of Minimal Essential Medium with Earles salts (EMEM) 
supplemented with 10% fetal bovine serum (PBS). Twenty-four to 30 hours later, the cells were 
infected with a dilution of RSV in Medium 199 (GIBCO/BRL) with 5% FBS that had been 
titrated to yield > 85% destruction of the cell monolayer in 60 hours. After 1 hour at ST^'C, 
compounds were added to wells of the plate in a final DMSO concentration of 0.5% as a series 
of 10 two-fold dilutions of the compound. 

Viras control wells (VC, no test compound) and cell culture control wells (CC, no vims, 
no test compound) were also included on each plate. Plates were incubated in a humidified 
atmosphere at 37**C and 5% carbon dioxide. After 60 hours, 100 fiL of a 5% solution of 
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glutanddehyde in water was added to each well, and the wells were incubated at room 
temperature for 1 hour. The fixative was removed, and the cells were stained with a 0.1% 
solution of crystal violet in water for 15-30 minutes. After rinsing and drying the plates, the 
optical density of the wells was measured at 570 nm (ODsto)- 

To determine IC50 values for the test compounds, the mean value of the OD570 readings of 
the vims control wells (VC) on a plate was subtracted from the OD570 readings of all wells on 
that plate. The IC50 values were then calculated according to the following formula: 

IC5o= [(Y-B)/(A-B)]x(H-L) + L 

where Y represents the mean OD570 reading of the cell control wells (CC) divided by 2; B 
represents the mean OD570 reading of wells of the compound dilution nearest to and below Y; A 
represents the mean OD570 reading of wells of the compound dilution nearest to and above Y; L 
represents the compound concentration at B; and H represents the compound concentration at A. 

A similar assay is useful for various strains of human RS V, including subtype A and 
subtype B viruses, as well as other pneumoviruses. 

The IC50 results of the cell culture assay for inhibition of the replication of several 
pneumoviruses for representative compounds used in the method of the invention range from 
0.1 nM to 1 iiM.. The low concentrations of test compounds required to achieve 50% inhibition 
of RS V replication in cell culture indicate that the compounds used in the method of the 
invention are effective at inhibiting the pneumovirus replication process. It is also demonstrated 
here that the compounds of the invention are dramatically more potent than Ribavirin at 
inhibiting viral replication. 

Example 33 demonstrates that the compounds of the invention are not toxic or 
detrimental to the health of normal cells at concentrations well above those needed to inhibit 
pneumovims replication. 

EXAMPLE 33 

Assay for Cytotoxicity of 
Inhibitors of Paeumovinis Replication 

To demonstrate that the compounds of the invention are not toxic or detrimental to the 

health of normal cells, compounds of the invention were evaluated in an in vitro cytotoxicity 
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assay. One useful assay for determining the cytotoxic effects of compounds on the growth of 
cells is a tetrazolium-based colorimetric method (Mossman, T., J. Inmiun. Methods, 65 (1-2): 55- 
63 (1983)). This assay measures cell viability, and therefore cytotoxicity, by quantitatively 
detecting the in situ reduction of 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide 
(MTT) by viable cells. Cells are seeded in 96-well plates in DMEM containing 5% FBS at a 
density of 4 x 10^ cells per well. After incubation for 4 hours at 37''C and 5% CO2. 2-fold serial 
dilutions of compound in 1% DMSO (or solvent alone) are added to quadruplicate wells, and the 
plates are incubated for an additional 68 hours at 37^C and 5% CO2, which is equivalent to 3 to 4 
cell doublings. The culture medium is removed, and the cells are treated with 1 mg^ml of MTT 
in phosphate-buffered saline, pH 7.2 for 4 hours at 37^C and 5% CO2. After removal of the 
unreduced MTT, the reduced blue formazan crystals produced by the viable cells are solubilized 
by the addition of 0.04N HCl in isopropanoL The optical density at 570 nm (OD570) of each well 
is read using a suitable microplate reader. Cell viability is expressed as the percentage of optical 
density for compound-treated cells relative to the optical density of solvent alone-treated control 
wells. The highest compound concentration resulting in an optical density of > 75% of the 
control is represented as the cellular cytotoxicity value (CC75). 

The results of the MTT cytotoxicity assay using compounds prepared, range from 3 to 
>50 (jiM). 

The cellular cytotoxicity (CC75) values for the representative compounds are considerably 
higher than the antiviral (IC50) values for these compounds. These results indicate that the 
compounds of the invention are highly selective and, at therapeutically effective doses, they do 
not detrimentally affect the health of normal cells. A measure of this selectivity is provided by 
the high selective index value (SI), which is defined as CC75/IC50. The high SI values exhibited 
by compounds of the invention indicate very desirable attributes of the compounds. 

EXAMPLE 34 

To demonstrate that the compounds of the invention have improved solubility 
characteristics. Table 2 lists solubility measurements of representative compounds of the 
invention as compared to their para-substituted isomers. The solubilities are measured in 
ethanol/propylene glycol/water (85:10:5) (proportions are by volume). 
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TABLE 2 




Example 
Number 


Ri 


Meta Position 
SoIubUity 
(mg/ml) 


Para Position 
Solubility 
(mg/ml) 


1 


-CH2CH2CH3 


1.9 


0.18 


2 


CH3 


2.10 


0.09 


6 


-0CH2CH3 


1.85 


0.30 


16 


-CH2CH2OCH3 


1.14 


0.29 


20 


CH2CH3 


1.45 


0.21 


27 


-NO2 


0.98 


0.16 


31 


CH3 

l-soX 

CH3 


0.08 


0.03 



Although the present invention has been described and exemplified in tenns of certain 
preferred embodiments, other embodiments will be apparent to those skilled in the art The 
invention is, therefore, not limited to the particular embodiments described and exemplified, but 
is capable of modification or variation without departing ft'om the spirit of the invention, the full 
scope of which is delineated by the appended claims. 
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